This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


Gallery  of  Nature  and  Art,  Or 

a  Tour  Through  Creation  and  Science 


Edward  Polehampton 


mr.nfumyf'^ 


THIS  BOOK 

FORMS  PAKT  OF  THE 

OKICINAL  LIBRAKY 

OF  THE 

UNIVERSITY  OF  MICHIGAN 

BOUGHT  IN  EUROPE 


Vr-;gitized  by  Google 


AG 

5 

V.I 


Digitized 


by  Google 


Digitized 


by  Google 


Digitized 


by  Google 


Digitized 


by  Google 


THE 


GALLERY 


OF 


NATURE  AND 


o». 


A  TOUR  THROUGH  CREATION  AND  SCIENCE. 


BY  THE  REV.  EDWARD  POLEHAMPTON, 

rKLLOW  OF  kino's  C0LLB6I,   CAMBRIDO£  ; 

Agsisied  hy  JHsUnguished  WrUert  in  the  various  Departments  of  thg  }V0rk> 


ILLUSTRATED  WITH  ONE  HUNDRED  PLATES, 

t 

From  Nkw  Desiqvs,  Descriptite  or  the  Wonders  op  Nature  and  Art. 


BbNSATB  kiM,  WITH  NEW  WONDSRy   NOW  BB  TIEWSy 

In  NARROW  RO0M>  NATURE'S  wuoli  wkaltr. 

Milton. 


IN   SIX   VOLUMES* 
VOL.  I. 


LONDON : 


PRINTED  BY  R.WILKS,  89,  CHANCERY-LANE; 

80tD  BT  CRADOCK  AND  jrot;^  PATERNOSTCR-ROW;    RODWELL,  NEW 

BOND'-STAEET  ;    Ul4lft£RW00D,  FLEET.  STREET  ; 

AND  ALL  OTHER  BOOKSELLERS. 


1815. 


Digitized  by 


Google 


■  Digitized 


by  Google 


p  li  £  f*  A  d  ii. 


As  the  boundariies  of  Science  Extend,  the  Disco vferics  hnd 
Curiosities  it  develops  extend  also ;  and  as  these  botindariea 
have  of  late  years  been  extended  in  every  direction,  it  is 
become  impossible  for  the  grieat  body  of^  mankind,  or  indeed 
for  any  one  who  does  hot  professionally  surrender  the  whole 
of  his  life  to  literary  pursuits,  to  follow  up  and  stbre  in  his 
memory  the  multiplied  facts  or  discoveries  of  an  amusing, 
interesting,  or  extraordinary  nature,  which  have  hence  been 
laid  open,  ahd  are  ^aily  growing  before  us. 

A  correct  iand  comprehensive  Repository,  therefore,  of 
whatever  is  chiefly  valuable,  and  has  chiefly  a  claim  upon 
the  public  Attention,  of  whatever  is  intrinsically  curious, 
Mronderful,  oi:  in  any  other  way  impressive,  derived  from  the 
vast  theatres  of  Natuhe  and  Asit,  as  they  are  at  present 
tuifolded  to  us ;  if  selected  with  a  judicious  and  discriminating 
hand,  from  the  immense  mas$  of  matter  at  this  moment 
before  the  world,  in  the  various  physical  and  philosophical 
Transactiotis,  Jburiials,  '  ahd  Memoirs,  the  Ephemerides, 
Am(Bnitates,  and  Miscellanea  Curiosu,  of  our  own  and  other 
countries,  cannot  fail  of  becoming  an  object  of  public  atten* 
tion  and  patronage ;  as  peculiarly  adapted  to  the  public 
want,  and  as  combining  a  rich  variety  of  elegant  amusement, 
with  the  most  valuable  specinxens  of  scientific  pursuit. 

With  this  feeling  the  Proprietors  of  the  present  work 
commenced  it  nearly  two  years  ago,  and  fully  offered  their 
views  upon  the  subject,  in  a  brief  Prospectus  accompanying 
ToJt  I.  a 
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the  First  Part.  And  now,  that  the  work  is  completed,  they  can 
conscientiously  appeal  to  the  public  at  large,  whether  they 
have  not  in  every  respect  fulfilled  the  promise  then  made,  and 
produced  a  Miscellany  at  once  elegant  and  systematic^  scien- 
tific and  entertaining  ;  replete  with  nearly  the  whole  wealth 
of  Nature  and  Abt^  and  therefore  fully  entitled  to  be  de- 
nominated their  general  Museum  or  Gallery.  They  trust, 
that  they  may  equally  point  to  the  termination^  and  to  the 
opening  of  the  present  work>  in  proof  that  its  direct  scope  is 
to  furnish  a  Literary  Conservatory  of  Rare,  Curious,  and 
Interesting  Productions,  derived  from  all  quarters,  and  from 
all  ages  of  the  world  ;  from  every  branch  of  science  so  far  as 
it  can  be  rendered  popular^  and  from  every  department  of 
research  and  discovery ;  from  the  most  approved  works  of 
Travels  and  Antiquities  ;  of  Topography  and  general  Geo- 
graphy ;  of  Fossils  and  Mineralogy  ;  of  Natural  History  and 
Physiology  ;  of  Chemistry  and  Mechanics. 

The  sanction  of  mankind,  indeed,  has  already  been  given 
to  a  variety  of  valuable  productions  formed  upon  a  basis 
somewhat  similar ;  several  of  which,  however,  have  been  so 
long  composed,  as  to  become  equally  antiquated  and  errone- 
ous in  the  progressive  path  of  Science  ;  while  others,  defici- 
ent in  knowledge  or  judgment,  have  been  too  generally 
drawn,  with  little  or  no  discrimination,  from  wonders  and 
curiosities  that  have  never  existed,  and  exhibit  rather  a 
world  of  fiction  than  of  fact ;  or  have  lost  all  claim  to  autho- 
rity, from  a  vain  adoption  of  the  editor's  language  and  opi- 
nions instead  of  the  language  and  opinions  of  the  established 
sources,  from  which  he  should  have  quoted. 

Next,  therefore,  to  the  extensive  research  which  the  pre- 
sent volumes  will  be  found  to  oflfer ;  a  research  far  exceeding 
what  has  ever  been  attempted  before ;  and  the  systematic,  yet 
easy  and  familiar  method  in  which  they  are  arranged ;  itis  their 
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first  and  peculiar  claim^  that  thej  may  be  depencbed  upon  as 
primdry  authorities  ;  every  section,  as  far  as  it  has  been  pos- 
sible; being  directly  copied,  in  order  to  avoid  endangering 
the  accuracy  or  integrity  of  anapproved  writer^  from  his  best 
printed  edition,  without  intermediate  transcription  or  muti- 
lation of  any  kind.  For  the  sake  however  of  connexion  and 
condensatkm,  it  has  occasionally  been  found  necessury  for 
ifae  Editor,  as  he  has  proceeded,  to  fill  up  various  chapters 
with  observations  of  his  own,--observations  which  it  is 
hoped  will  in  iiiiany  instances  be  found  among  the  most 
yaluable  parts  of  the  work  ;  but  such  sections  or  passaged 
have  been  carefully  distinguished  from  the  rest ;  nor  have 
the  words  of  the  original  authors  been  ever  deviated  from» 
excepting  on  a  few  occasions,  where  brevity,  a  style  peculiarly 
uncouth,  or  some  other  necessity,  has  rendered  an  alteration 
necessary,  of  which  sufficient  notice  is  given  to  the  reader  at 
the  time. 

It  may  be  permitted  to  the  Proprietors  to  observe,  that 
the  extent  to  which  this  plan  has  been  carried,  has  led  them 
intoanexpence  and  personal  labour,  far  beyond  what  they  had 
any  idea  of ;  but  they  have  readily  and  cheerfully  persevered,  as 
well  out  of  deference  to  the  judgment  and  zeal  of  the  enlight- 
ened Editor,  whose  reconH»efidadons  they  have  in  every  in- 
stance approved  and  adopted,  as  from  a  full  persuasion  of 
an  ample  reward  in  the  approbation  and  patronage  of  their 
countrymen. 

The  next  prominent  feature  in  the  present  work,  to 
which  they  are  desirous  of  calling  the  attention  of  the  Public, 
is  the  number  and  intrinsic  excellence  of  the  Plates,  with 
Vrhich  it  is  so  richly  adorned  ;  and  which,  they  trust,  will  be 
found  to  exalt  the  Gallery  of  Nature  and  Art  above 
every  prior  or  similar  attempt,  in  no  less  a  degree  than  the 
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extent,  variety,  sound  judgment,  and  authority  of  its  mattei'.- 
With  a  few  exceptions,  for  in  several  instances  it  has  been 
absolu  tely  necessary  to  give  strict  copies,  the  Plates  now  offered 
are  from  original  drawings,  expressly  designed^  and  of  course 
expressly  engraved  for  the  present  work :  and  it  is  perhap» 
only  necessary  for  the  reader  to  examine  intrinsically  and 
attentively  this  highly  ornamental  and  beautiful  part  of  the 
volumes,  to  see  at  once,  that  the  general  execution  as  well  in 
designing  as  in  engravingi  is  from  the  hands  of  some  of  the 
most  approved  Artists  of  the  present  day,  to  whom  no  less 
than  to  the  Editor,  tbo  Proprietors  feel  bound  in  justice  to 
acknowledge  their  sincere  obligations. 

Ifov.  18U. 
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CHAPTER  I. 


ASTRONOMY    OF    THE    ANCIENTS    BEFORE    THE     FOUN- 
DATION OF  THE  ALEXANDRIAN   SCHOOL. 

A  CONTEMPLATION  *  of  the  Heavens  must  at  all  times  have 
iixed  the  attention  of  mankind ;  and  especially  in  those  happy 
climates  where  the  serenity  of  the  atmosphere  invited  them  to  ob- 
serve the  Stars.  Agriculture  required  that  the  seasons  should  be 
distinguished  and  their  returns  known*  It  could  not  be  long  before 
it  was  discovered  that  the  rising  and  setting  of  the  stars,  when  they 
plunge  themselves  in  the  Sun's  rays,  or  when  they  again  disengage 
themselves  from  his  light,  might  answer  this  purpose.  Hence  we 
find,  that  among  most  nations  this  species  of  observations  may  be 

♦  This  chapter,  extracted  from  La  Place,  is  given  as  nearly  as  may  be  from 
the  translation  of  our  owp  Astronomer  Royal  $  but  the  numerous  and  unac- 
coantable  errors  of  this  translation  have  compelled  us  to  a  perpetual  cottatioa 
with  the  original,  and  to  alterations  in  every  page.-- Editor. 
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t  ASTRONOMY  Of  THE  ANTIENTS* 

traced  back  to  such  early  times,  till  their  origin  is  lost.  But  som 
rude  remarks  on  the  rising  and  setting  of  the  stars  could  not  con 
stitute  a  science.  Astronomy  did  not  commence  till  observation 
being  registered  and  compared,  and  the  celestial  motions  examine 
with  greater  care,  some  attempt  was  made  to  explsun  their  moUoi 
and  their  laws* 

The  motion  of  the  sun  in  an  orbit  inclined  to  the  equator;  tli 
'  notion  of  the  moon,  its  phases  and  eclipses ;  a  knowledge  of  tl 
planets  and  their  revolutions,  and  of  the  sphericity  of  the  earti 
were  probably  the  objects  of  this  ancient  astronomy,  but  the  fe 
monuments  of  it  that  remain  are  insufficient  to  ascertain  either  i 
epoch  or  its  extent.  We  can  only  judge  of  its  great  antiquity,  I 
the  astronomical  periods  which  it  has  transmitted  to  us,  by  son 
just  notions  wliich  the  Egyptians  and  Chaldeans  seem  to  have  had 
the  system  of  the  world,  and  by  the  exact  relation  of  the  ancie 
measures  to  the  circumference  of  the  earth.  Such  has  been  tl 
vicbsitude  of  human  affairs,  that  that  of  the  arts  which  could  aloi 
transmit  the  events  of  past  ages  in  a  durable  manner,  being  of  m 
dern  invention,  the  remembrance  of  the  first  inventors  has  be 
entirely  effaced.  Great  nations,  whose  names  are  hardly  known 
history,  have  disappeared  from  the  soil  which  they  inhabited ;  th 
annals,  their  language,  and  even  their  cities  have  been  obliterate 
and  nothing  is  left  of  their  science  or  their  industry,  but  a  confus 
tradition,  and  some  scattered  ruins,  of  doubtful  and  uncerts 
origin. 

It  appears  that  the  practical  astronomy  of  these  early  ages,  ^ 
confined  to  the  observations  of  eclipses,  the  rising  and  setting  oft 
principal  stars,  with  their  occultatious  by  the  moon  and  plan< 
The  path  of  tlie  sun  was  followed  by  means  of  the  stars  wh 
were  eclipsed  by  the  twilights,  and  perhaps  by  the  variations  in 
meridian  shadow  of  the  gnomon.  The  motion  of  the  planets  < 
determined  by  the  stars  which  they  came  nearest  to  in  their  cou 
To  distinguish  these  bodies,  and  recognize  their  various  motic 
the  heaven  was  divided  into  constellations.  And  that  zone  fi 
which  the  sun,  moon,  and  planets,  were  never  seen  to  deviate, 
called  the  zodiac.  It  was  divided  into  the  twelve  following  i 
stellations:  Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo,  Lil 
Scorpio,  Sagittarius,  Capricornus,  and  Pisces.  These  were  ca 
Signs,  because  they  served  to  distinguish  the  seasons.  Thus  the 
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trance  of  the  sua  into  Aries,  in  tfae  time  of  Hqsparchus,  marked  the 
eomraeacemeot  of  the  spring,  after  which  it  described  the  other 
aignsy  Taurus,  Gen^i>  &c.  but  the  retrograde  motions  of  tfhe  eqiii- 
no\es,  changed  the  coincidence  of  the  seasons ;  nevertheless,  ob« 
servers  accustomed  to  mark  the  commencement  of  the  spring,  by 
the  entrance  of  the  sun  into  the  sign  Aries,  ha?e  continued  to 
characterise  this  season  in  the  same  manner,  and  have  distinguished 
the  signs  of  the  zodiac  from  the  consteliations,  the  first  being  ideaU 
and  Berving  only  to  designate  the  course  of  the  sun  in  the  ecliptic. 
N0W9  however,  that  we  endeavour  to  refer  our  ideas  to  the  most 
simple  expressions,  we  begin  no  longer  to  use  the  signs  of  the  zo- 
diac, but  mark  the  positions  of  the  heavenly  bodies  on  the  ecliptic » 
according  to  their  distance  from  the  equinoctial  point. 

8ome  of  the  names  given  to  the  constellations  of  the  zodiac^  ap- 
pear to  relate  to  the  motion  of  the  sun.  Cancer,  for  example^ 
seems  to  indicate  the  retrogradation  of  this  body  from  the  solstice, 
and  libra,  or  the  Balance,  denotes  the  equality  of  day  and  night. 
And  other  names  seem  to  refer  to  the  climate  and  agricuttnre  of 
those  nations  to  whom  tfae  zodiac  owes  its  origin.  The  most  an* 
cient  observations  that  have  been  transmitted  to  us  with  sufficient 
detail,  are  three  eclipses  of  the  moon,  observed  at  Babylon  in  the 
years  719  and  720  before  the  Christian  «ra.  Ptolemy,  who  cites 
them  in  hb  Aknagest,  employs  them  in  his  determination  of  the  mo- 
tion of  the  moon.  It  is  certain,  that  neither  he  nor  Hipparchus 
could  obtain  any  that  were  more  ancient,  for  the  exactness  of  the 
comparison  is  in  proportion  to  the  interval  which  separates  the  ex- 
treme observations.  This  consideration  should  diminish  our  regret 
for  the  loss  of  nineteen  hundred  years  of  observations  by  the  Chal- 
deans, and  of  which  they  boasted  in  tfae  time  of  Alexander,  and 
which  Aristotle  obtained  by  means  of  Calysthenes.  But  they  could 
Ofily  have  discovered  the  period  of  6,585  days,  by  a  long  series  of 
observations.  This  period,  called  the  saros,  has  the  advantage  of 
bringing  back  tfae  moon  to  nearly  tfae  same  period,  with  respect  to 
its  node,  its  perigee,  and  to  the  sun.  Thus,  the  eclipses  observed 
in  one  period,  afford  an  easy  method  of  calculating  those  wfaich 
are  to  happen  in  the  succeeding  ones,  'nie  lunar-solar  period  of 
•vn  hundred  years,  seems  to  have  been  known  to  tfae  Cfaaldeans. 
These  two  periods  suppose  a  knowledge  nearly  approximating  to 
tbe  trtte  length  of  the  year ;  it  is  also  highly  probable^  that  they 
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had  remarked  the  difference  between  the  sidereal  and  tropical  ye^fr 
and  that  they  were  acquainted  with  the  use  of  the  gnomon  and  sui^ 
dial.  And  finally,  some  of  them  were  led  from  considering  the 
spectacle  of  nature,  to  suppose  that  comets,  like  planets,  are  subject 
to  fixed  periods,  which  are  regulated  by  external  laws. 

Astronomy  is  not  less  ancient  in  Egypt  than  in  Chaldea*  The 
Egyptians  were  acquainted,  long  before  the  christian  xra,  with  the 
excess  of  the  year,  of  one  quarter  of  a  day  beyond  365  days :  on 
this  knowledge,  they  formed  the  sothic  period  of  1460  years,  wliicb, 
according  to  them,  brought  back  the  same  seasons^  months,  and 
festivals  of  their  years,  whose  length  was  365  days.  The  exact  di- 
rection of  the  sides  of  their  pyramids  with  the  four  cardinal  points^ 
give  us  a  very  advantageous  idea  of  their  accuracy  of  observation. 
It  is  probable  that  they  had  also  methods  of  calculating  eclipses. 
But  that  which  reflects  most  honour  to  their  astronomy,  was  the  sa- 
gacious and  important  observation  of  the  motion  of  Mercury  and 
Veuus  about  the  sun.  The  reputation  of  their  priests  attracted  to 
them  the  greatest  philosophers  of  Greece ;  and,  according  to  all  ap- 
pearance, the  school  of  Pythagoras  is  indebted  to  them  for  the 
sound  notions  they  professed  relative  to  the  system  of  the  universe* 

Among  these  people,  astronomy  was  only  cultivated  in  their 
temples,  and  by  priests,^  who  made  no  other  use  of  their  knowledge 
than  to  consolidate  the  empire  of  superstition,  of  which  they  were 
the  ministers.  They  carefully  disguised  it  under  emblems,  which 
presepted  to  credulous  ignorance,  heroes  and  gods,  whose  actions 
were  only  allegories  of  celestial  phenomena,  and  of  the  operations 
of  nature ;  allegories  which  the  power  of  imitation,  one  of  the  chief 
springs  of  the  moral  world,  has  perpetuated  to  our  own  day»,  and 
been  mingled  with  our  religious  institutions.  The  better  to  enslave 
the  people,  they  profited  by  their  natural  desire  of  penetrating  into 
futurity,  and  created  astrology.  Man  being  hiduced,  by  the  illusions 
of  his  senses,  to  consider  himself  as  the  centre  of  the  universe,  it 
was  easy  to  persuade  him,  that  the  stars  influenced  the  events  of  hb 
life,  and  could  prognosticate  to  him  his  future  destiny.  This  error, 
dear  to  his  self-love,  and  necessary  to  his  restless  curiosity,  seems,  to 
have  been  co-eval  with  astronomy.  It  has  maintained  itself  through 
a  very  long  period,  and  it  is  only  since  the  end  of  the  last  century, 
that  our  knowledge  of  our  true  relations  with  nature,  has  caus^ 
them  to  disappear.    In  Persia  and  ia  India,  the  coBomencement  of 
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astronomy  is  lost  in  the  darkness  which  envelops  the  origin  of  these 
people.  In  no  country  do  they  go  back  so  far  as  in  China,  by  an 
incontestable  seriesof  historical  monuments. 

The  prediction  of  eclipses,  and  the  regulation  of  the  calendar, 
were  always  regarded  as  important  objects,  for  which  a  mathema- 
tical tribunal  was  established  ^  but  the  scrupulous  attachment  of 
the  Chinese  to  ancient  customs,  which  extended  even  to  their  astro- 
nomical  rules^  has  contributed  among  them  to  keep  this  science  in 
a  perpetual  state  of  infancy* 

The  Indian  tables  indicate  a  much  more  refined  astronomy ;  but 
every  thing  shows  that  it  is  not  of  an  extremely  remote  antiquity. 
And  here,  with  regret,  I  differ  in  opinion  from  a  learned  and  ilius* 
trious  astronomer,  who,  after  having  honoured  his  career  by  labours 
useful  botli  to  science  and  humanity,  fell  a  victim  to  the  most  san« 
guinary  tyranny,  opposing  the  calmness  and  dignity  of  virtue  to  the 
revilings  of  an  infatuated  people,  who  wantonly  prolonged  the  last 
agonies  of  his  existence*. 

The  Indian  tables  have  two  principal  epochs,  which  go  back,  one 
to  the  year  3102,  tlie  other  to  the  year  1491  before  the  Christian 
aera.  These  epochs  are  connected  with  the  mean  motions  of  the 
sun,  moon,  and  planets,  in  such  a  manner,  that  one  is  evidently 
fictitious ;  the  celebrated  astronomer,  above  alluded  to,  endeavours, 
in  his  Indian  astronomy^  to  prove,  that  the  first  of  these  epochs  is 
founded  on  observation.  Notwithstanding  all  the  arguments  are 
brought  forward  with  that  interest  he  so  well  knew  how  to  bestow 
on  subjects  the  most  difficult,  I  am  still  of  opinion,  that  this  period 
was  invented  for  the  purpose  of  giving  a  conunon  origin  to  all  the 
motions  of  the  heavenly  bodies  in  the  zodiac.  In  fiict,  computing, 
according  to  the  Indian  tables^  from  the  year  1491,  to  3102^  we 
find  a  general  conjunction  of  the  sun  and  all  the  planets,  as 
these  tables  suppose,  but  their  conjunction  differs  too  much  from 
the  result  of  our  best  tables  to  have  ever  taken  place,  which  shows 
that  the  epoch  to  which  they  refer,  was  not  established  on  ob- 
servation. But,  it  must  be  owned,  that  some  elements  of  the  Indian 
astronomy  seem  to  indicate  that  they  have  been  determined  even 

*  Lavoisier,  the  great  founder  of  the  nomenclature  of  modem  chemistry. 
He  was  born  at  Paris,  Aug.  26>  1'743,  and  was  guillotined  May  8>  1T94>  during 
the  tyranny  of  Robespierre. — Editor 
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before  this  first  epoch.  ,Tbus  the  equation  of  the  centre  of  the  snn^ 
vrfaich  they  ^x  at  2^.4173,  could  not  have  been  of  that  magnitude  ; 
but  at  the  year  4300  before  the  Christian  sera.  But,  independently 
of  the  errors  to  which  the  Indian  observations  are  liable,  it  may  he 
observed,  that  they  only  considered  the  inequalities  of  the  sun  and 
nioon^  relative  to  eclipses,  in  which  the  annual  equation  of  the 
moon  is  added  to  the  equation  of  the  centre  of  the  sun,  and  aug« 
ments  it  about  *  22',  which  is  very  nearly  the  difference  between  our 
determinations  and  those  of  the  Indians.  Many  elements,  such  as 
the  equations  of  the  centre  of  Jupiter  and  Mars,  are  so  different  in 
the  Indian  tables,  from  what  they  must  have  been  at  their  first 
epoch,  that  we  can  conclude  nothing  in  favour  of  their  antiquity 
from  the  other  elements. 

The  whole  of  these  tables,  particularly  the  impossibility  of  the 
conjunction,  at  the  epoch  they  suppose,  prove  on  the  contrary,  that 
they  have  been  constructed^  or  at  least  rectified  in  modem  times. 
Nevertheless,  the  ancient  reputation  of  the  Indians  does  not  permit 
us  to  doubt^  that  they  have  always  cultivated  astronomy^  and  the 
remarkable  exactness  of  the  mean  motions  which  they  have  assigned 
to  the  sun  and  moou^  necessarily  required  very  ancient  obser- 
vations. 

The  Greeks  did  not  begin  to  cultivate  astronomy  till  a  long  time 
after  the  Egyptians,  of  whom  tiiey  were  the  disciples. 

It  is  extremely  difficult  to  ascertain  the  exact  state  of  their  astro- 
nomical  knowledge^  amidst  the  variety  of  fable  which  fills  the  early 
part  of  their  history.  It  appears,  however,  that  they  divided  the 
heavens  into  constellations,  about  thhrteen  or  fourteen  centuries  be- 
fore the  Christian  sera ;  for  it  is  to  this  epoch  that  the  sphere  of 
Eudoxus  should  be  referred.  Their  numberless  schools  for  philo- 
sophy produced  not  one  single  observer  before  the  foundation  of 
the  Alexandrine  school.  They  treated  astronomy  as  a  science 
purely  speculative^  often  indulging  in  tlie  most  frivolous  con- 
jectures. 

It  is  singular^  that  at  the  sight  of  so  many  contending  systems, 
which  taught  nothings  the  simple  reflection,  that  the  only  method  of 
comprehending  nature  is  to  interrogate  her  by  experiment,  never 
occurred  to  one  of  these  philosophers^  though  so  many  were  en- 
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^owed  vnXh  an  admirable  fcnius.  But  we  must  reflect,  tliat  tbt 
first  observatloo  only  presenting  insulated  facts,  little  suited  to  at« 
tract  the  imagination,  impatient  to  ascend  to  causes^  they  must  hare 
succeeded  each  with  extreme  slowness*  It  required  a  long  successioa 
of  ages  to  accumulate  a  sufficient  number,  to  discover,  among  the 
various  phenomena,  such  relations,  which,  by  extending  themselves^ 
should  unite  with  the  interest  of  truth,  that  of  such  general  specula* 
tions  as  the  human  understanding  delights  to  indulge  in. 

Nevertheless,  in  the  philosophic  dreams  of  Greece,  we  trace  some 
6ound  ideas,  which  their  astronomers  collected  in  tlieir  travels,  and 
afterwards  improved.  Thaks,  bom  at  Miletus,  640  years  before 
our  nra,  went  to  Egypt  fpr  instruction :  on  his  return  to  Greece, 
he  founded  the  Ionian  school,  and  there  taught  the  sphericity  of  the 
^artb,  the  obliquity  of  the  ecliptic,  and  the  true  causes  of  the  eclipses 
of  the  sun  and  moon ;  he  even  went  so  far  as  to  predict  them,  em- 
ploying, no  doubt,  the  periods  which  had  been  communicated  to 
him  by  the  priests  of  Egypt* 

Thales  had  for  his  successors — Anaximander,  Anaximenes,  and 
Anaxagoras;  to  the  first  is  attributed  the  invention  of  the  gnomon 
^and  geographical  charts,  which  the  Egyptians  appear  to  have  been 
already  acquainted  with. 

.  Anaxagoras  was  persecuted  by  the  Athenians  for  having  taught 
these  truths  of  the  Ionian  school.  They  reproached  him  with 
having  destroyed  the  influence  of  the  gods  on  nature,  by  endea- 
vouring to  reduce  phenomena  to  immutable  laws.  Proscribed  with 
his  children,  he  only  owed  his  life  to  the  protection  of  Pericles,  his 
discif^e  and  his  friend,  who  succeeded  in  procuring  a  mitigation  of 
his  sentence  from  death  to  banishment.  Thus,  truth,  to  establi^ 
itself  on  earthy  has  almost  always  had  to  combat  established  preju« 
dices,  and  has  more  than  once  been  fatal  to  those  who  have  disco- 
vered it.  From  the  Ionian  school  arose  the  chief  of  one  more  cele- 
brated. Pythagoras^  born  at  Samos,  about  590  years  before  Christ, 
nvas  at  first  the  disciple  of  Thales*  This  philosopher  advised  him  to 
travel  into  E^pt,  where  he  consented  to  be  initiated  into  the  mys- 
teries of  the  priests,  that  he  might  obtain  a  knowledge  of  all  their 
doctrines.  The  Brachmans  having  then  attracted  his  curiosity,  he 
went  to  visit  them,  as  far  as  the  shores  of  the  Ganges.  On  his  re- 
turn to  his  own  country,  the  despotism  under  which  it  groaned, 
obliged  him  again  to  quit  it,  and  he  retired  to  Italyi  where  he 
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founded  his  school.  All  the  astronomical  truths  of  the  Ionian 
school,  were  taught  on  a  more  extended  scale  in  that  of  Pythagoras; 
but  what  principally  distinguished  it>  was  the  knowledge  of  the  two 
motions  of  the  earth  on  itself,  and  about  the  sun.  Pythagoras 
carefully  concealed  this  from  the  vulgar,  in  imitation  of  the  Egyp- 
tian priests,  from  whom,  most  probably,  he  derived  his  knowledge ; 
but  his  system  was  more  fully  explained,  and  more  openly  avowed 
by  his  disciple  Philalaus. 

According  to  the  Pythagorists,  not  only  the  planets,  but  the 
comets  themselves^  are  in  motion  round  the  sun.  These  are  not 
fleeting  meteors  formed  in  the  atmosphere,  but  the  mighty  works  of 
nature.  These  opinions,  so  perfectly  correct  on  the  system  of  the 
universe,  have  been  admitted  and  inculcated  by  Seneca^  with  the 
enthusiasm  which  a  great  idea,  on  the  subject  the  most  vast  of  hu* 
man  contemplation,  naturally  excited  in  the  soul  of  a  philosopher. 

"  Let  us  not  wonder,"  says  he,  "  that  we  are  still  ignorant  of  the 
law  of  the  motion  of  comets,  whose  appearance  is  so  rare,  that  wc 
neither  can  tell  the  beginning  nor  the  end  of  the  revolution  of  these 
bodies,  which  descend  to  us  from  an  immense  distance.  It  is  not 
fifteen  hundred  years  since  the  stars  have  been  numbered  in  Greece, 
and  names  given  to  the  constellations.  The  day  will  come,  when, 
by  the  continued  study  of  successive  ages,  things  which  are  now  hid, 
will  appear  with  certainty,  and  posterity. will  wonder  they  have 
escaped  our  notice. 

The  same  school  taught  that  the  planets  were  inhabited,  and  that 
the  stars  were  suns  disseminated  in  space,  being  themselves  centres 
of  planetary  systems.  These  philosophic  views  should,  from  their 
grandeur  and  justness,  have  obtained  the  suffrages  of  antiquity;  but 
baving  been  taught  with  systematic  speculations,  such  as  the  har- 
mony of  the  heavenly  spheres,  and  wasting,  moreover,  that  proof 
which  has  shice  been  obtained,  by  the  agreement  with  observations, 
it  is  not  surprismg  that  their  truth,  when  opposed  to  the  illusions  of 
the  senses^  should  not  have  been  admitted. 

[La  Place,  Exposition  du  Syst^me  du  Monde,] 
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JuLlTHERTO    the  practical  astronomy  of  different  people    bas 
only  offered  us  some  rude  observations  relative  to  the  seasons  and 
eclipses;  objects  of  their  necessities  or  their  terrors.  '  Their  theore* 
tical  astronomy  consisted  in  the  knowledge  of  some  periods^  founded 
on  very  long  intervals  of  time^  and  of  various  fortunate  conjectures, 
relative  to  the  constitution  of  the  universe^  but  mixed  with  consi- 
derable error.   We  see,  for  the  first  time,  in  the  school  of  Alexan- 
dria, a  connected  series  of  observations;  angular  distances  were  made 
with  instruments  suitable  to  the  purpose,  and  they  were  calculated 
by  trigometrical  methods.    Astronomy  then  took  a  new  form,  which 
the  following  ages  have  adopted  and  brought  to  perfection.    The 
posititions  of  the  fixed  stars  were  determined,  the  paths  of  the 
planets  carefully  traced,  the  inequalities  of  the  sun  and  moon  were 
better  known,  and,  finally,  it  was  the  School  of  Alexandria  that  gave 
birth  to  the  first  system  of  Astronomy,  that  had  ever  comprehended 
an  entire  plan  of  the  celestial  motions.    This  system  was,  it  must  be 
allowed,  very  inferior  to  that  of  the  school  of  Pythagoras,  but 
being  founded  on  a  comparison  of  observations,  it  afforded,  by  this 
very  comparison,  the  means  of  its  own  destruction,  and  the  true 
system  of  nature  has  been  elevated  on  its  ruins. 

After  the  death  of  Alexander,  his  principal  generals  divided  his 
empire  among  themselves^  and  Ptolemy  Soter  received  Egypt  for 
Lis  share.  His  munificence  and  love  of  the  sciences,  attracted  to 
Alexandria  the  capital  of  his  kingdom,  a  great  number  of  the  most 
learned  men  of  Greece.  Ptolemy  Philadelphus,  who  inherited  with 
the  kingdom  his  father's  love  of  the  sciences,  established  them  there 
under  his  own  particular  protection.  A  vast  edifice,  in  which  they 
were  lodged,  contained  both  an  observatory,  and  that  magnificent 
library  which  Demetrius  Phalereus  had  collected  with  immense 
trouble  and  expense.  Here  they  were  supplied  with  whatever 
books  and  instruments  were  necessary  to  their  pursuits ;  and  their 
emulation  was  excited  by  the  presence  of  a  prince,  who  often  came 
amongst  them  to  participate  in  their  conversation  and  their  labours. 
Arystillus  and  Timochares  were  the  first  observers  of  the  rising 
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school ;  they  flourished  aboat  the  year  300  before  the  Christian 
sera.  Their  observations  of  the  principal  stars  of  the  zodiac, 
enabled  Hipparchas  to  discover  the  precession  of  the  equinoxes, 
and  Ptolemy,  from  their  observations  -of  the  planets,  founded  his 
theory  of  those  bodies. 

The  next  astronomer  which  the  school  of  Alexandria  produced,  was 
Arisfarchus,  of  Samos.  The  most  delicate  elements  of  astronomy 
were  the  subjects  of  his  investigation.  He  observed  the  summer 
solstice,  the  year  281  before  the  Christian  aera.  He  determined  the 
magnitude  of  the  apparent  diameter  of  the  sun,  which  he  found 
equal  to  the  720th  part  of  the  whole  circumference,  a  quantity 
forming  a  mean  between  the  two  limits  which  Archimedes  as- 
signed, a  few  years  afterwards,  to  this  diameter,  by  an  ingenious 
method,  according  to  which  the  solar  diameter  appeared  to  him 
greater  than  the  200th  pait  of  a  right  angle,  and  less  than  the  l64th 
part.  But  what  reflects  the  greatest  honour  on  the  genius  of  Aris- 
larchus,  is  the  method  by  which  he  endeavoured  to  determine  the 
distance  of  the  sun  from  the  earth.  He  observed  the  angle  con- 
tained between  the  sun  and  the  moon,  at  the  moment  he  judged 
half  of  the  lunar  disk  to  be  illuminated  by  the  sun,  and  having 
found  it  just  96^.7,  he  concluded  that  the  sun  was  eighteen  or 
twenty  times  farther  from  us  than  the  moon.  Notwithstanding  the 
inaccuracy  of  this  result,  it  extended  the  sboundaries  of  the  universe 
much  farther  than  had  been  done  before.  Aristarchus  revived  the 
opinion  of  the  Pythagorists,  relative  to  the  motion  of  the  earth. 
But  as  his  writings  have  not  been  transmitted  to  us,  we  are  ignorant 
to  what  extent  he  carried  this  theory  in  his  explanation  of  the  ce- 
lestial phenomena.  We  only  know  that  this  judicious  astronomer, 
having  reflected  that  the  motion  of  the  earth  produced  no  change 
in  the  apparent  position  of  the  stars,  placed  them  at  a  distance  in- 
comparably greater  than  the  sun.  Thus  it  appears,  that  of  all  the 
ancient  astronomers,  Aristarchus  had  formed  the  most  just  notions 
of  the  magnitude  of  the  universe. 

The  celebrity  of  his  successor,  Eratosthenes,  is  principally  due 
to  his  measure  of  the  earth,  and  his  observations  on  the  obliquity 
of  the  ecliptic.  Having,  at  the  summer  solstice,  remarked  a  deep 
well,  whose  whole  depth  was  illummated  by  the  sun,  at  Syene,  \a 
Upper  Egypt,  he  compared  this  with  the  altitude  of  the  sun,  ob» 
served  at  the  same  solstice  at  Alexandria.  He  found  the  celestial 
arc,  contained  between  the  zeniths  of  these  two  places,  equal  to 
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the  50th  part  of  the  whole  circumference,  and  as  their  distance  was 
€stiniated  at  500  stadia,  he  fixed  at  250  thousand  stadia  the  length 
of  the  whole  terrestrial  circumference.  The  uncertainty  that  exists, 
as  to  the  value  of  this  stadium,  does  not  permit  us  to  appreciate 
the  exactness  of  this  measurement. 

Aristotle,  Cleomedes,  Possidonius,  and  Ptolemy^  have  given  four 
other  evaluations  of  the  circumference  of  the  earth,  equivalent  to 
400,  300,  240,  180  thousand  stadia.  The  simple  relations  of  these 
measures  to  each  other,  leave  room  to  conjecture,  that  these  dif- 
ferent quantities  are  translations  of  the  same  measure  in  different 
stadia.  The  Alexandrian  stadium  was  400  great  cubits,  of  the 
same  length  as  the  nilometer  of  Cairo,  which,  according  to  Freref, 
has  not  been  altered  for  a  great  number  of  centuries,  and  may  be 
traced  back  to  the  time  of  Sesostris;  its  magnitude  is  equal  to 
17119  feet,  according  to  some  measures  lately  made  with  great 
precision,  which  gives  684.76  feet,  for  the  value  of  the  stadium  of 
Alexandria.  As  it  is  probable  this  stadium  was  that  of  Ptolemy, 
the  circumference  of  the  earth,  according  to  that  astronomer, 
would  be  1 23,256,800  feet,  which  differs  but  little  from  our  actual 
measurement,  which  fixes  it  at  12^,178,320  feet*. 

If  the  measures  of  Possidonius,  Cleomedes,  and  Aristotle,  are 
identical  with  that  of  Ptolemy,  the  corresponding  stadia  are 
513.570,  410.856,  and  308.142  feet.  Now,  jn  comparing  a  great 
number  of  ancient  itinerary  distances  with  the  actual  known  dis- 
tances, we  find  in  antiquity  these  different  stadia  so  precisely,  as  to 
render  the  identity  of  these  four  measures  of  the  earth  extremely 
probable,  it  is  therefore  very  probable  that  they  all  depend  on  some 
ancient  and  very  exact  measure,  either  executed  with  great  care,  or 
in  which  the  errors  were  fortunately  compensated,  as  has  since  hap- 
pened in  the  measure  of  a  degree  by  Fcrnal,  and  even  in  that  by 
Picard.  It  is  true  we  know,  that  Possidonius  himself  measured  an 
arc  of  the  terrestrial  meridian ;  and  his  operation,  as  far  as  we  can 
judge  from  the  details  that  have  been  transmitted  to  us,  was  very 
inexact;  but  there  is  reason  to  think  he  only  proposed  to  verify 
some  ancient  measures  of  the  earth,  and  that  he  found  them  to 
agree  nearly  with  his  own. 

*  Ten  millions  of  metres,  according^  to  the  new  measurement  of  tbe  French 
National  Institute  $  the  metre  being  equal  to  39.37 100  Engligh  incbes.«-£clitor. 
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The  observation  of  Eratosthenes,  on  the  obliquity  of  the  ecliptic^ 
is  very  valuable,  inasmuch  as  it  confirms  the  diminution  of  it,  deter- 
mined, d,  priori,  by  the  theory  of  gravitation.  He  found  the  distance 
between  the  tropics  less  than  53.06,  and  greater  than  52.96,  which 
gives  us  a  mean  *  26.50,  for  the  obliquity  of  the  ecliptic,  Hippar- 
ch\is  found  no  reason  to  alter  this  result  by  his  observations. 

But  of  all  the  astronomers  of  antiquity,  the  science  is  most  in* 
debted  to  Hipparchus  of  Bithyiiia,  for  the  great  number  and  eiitent 
of  his  observations,  by  the  important  results  he  obtained,  by  com- 
paring them  with  those  that  had  been  formerly  made  by  others ;  and 
for  the  excellent  method  which  he  pursued  in  his  researches.  He 
flourished  at  Alexandria  about  140  years  before  our  aera.  Not  con- 
tent with  what  had  already  been  done,  he  determined  to  recom- 
mence every  thing,  and  not  to  admit  any  results  but  those  founded 
on  a  new  examination  of  former  observation:^,  or  on  new  observa* 
tions,  more  exact  than  those  of  his  predecessors. 

Nothing  aflfords  a  stronger  proof  of  the  uncertainty  of  tlie  Egyp- 
tian and  Chaldean  observations  on  the  sun  and  stars,  than  the  ne- 
cessity which  compelled  him  to  recur  to  the  observations  of  the 
Alexandrine  school,  to  establish  his  theories  of  the  sun,  and  of  the 
precession  of  the  equinoxes.  He  determined  the  length  of  the  tro. 
pical  year,  by  comparing  one  of  his  observations  of  the  summer 
solstice,  with  one  made  by  Aristarchus  of  Samos  forty-five  years 
before ;  he  found  it  365.24667  days.  This  is  in  excess  about  fouc. 
minutes  and  a  half.  But  he  remarks  himself  on  the  little  reliance 
that  can  be  placed  on  a  determination  from  solstitial  observations^ 
and  on  the  advantage  of  employing  observations  of  the  equinoxes* 
Hipparchus  recognized  that  there  elapsed  187  ^^y^  ^^om  the  vernal 
equinox,  to  that  of  the  autumn,  and  178  days  only  from  thb  last 
equinox  to  that  of  the  spring.  He  observed,  likewise^  that  these 
intervals  were  unequally  divided  by  the  solstices,  so  that  ^4  days 
and  a  half  elapse  from  the  vernal  equinox  to  the  summer  solstice, 
and  92  days  and  a  half  from  this  solstice  to  the  autumnal  equinox. 
To  explain  these  differences,  Hipparchus  supposed  the  sun  to 
move  uniformly  in  a  curcular  orbit;  but,  mstead  of  placing  the 
earth  in  the  centre  of  it,  he  supposed  it  removed  the  24  th  part  of 
the  radius,  and  fixed  the  apogee  at  the  sixth  degree  of  Gemini. 
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From  these  data  he  formed  the  first  solar  tables  to  be  found  in  the 
history  of  Astronomy.  The  equation  of  the  centre,  which  they 
suppose  was  too  great,  it  is  very  probable,  that  a  comparison  with 
eclipses,  in  which  this  equation  is  augmented  by  the  annual  equation 
of  the  moon,  confirmed  Hipparchus  in  his  error,  and  perhaps  even 
led  him  into  it.  He  was  mistaken  also  in  supposing  circular  the 
elliptic  orbit  of  the  sun,  and  that  the  real  velocity  of  this  body 
was  constantly  uniform.  The  contrary  is  now  demonstrated  by 
direct  measures  of  the  sun's  apparent  diameter;  but  such  observa- 
tions were  impossible  at  the  time  of  Hipparchus,  whose  solar  tables, 
with  all  their  imperfections,  are  a  lasting  monument  of  his  genius, 
which  Ptolemy,  three  centuriies  after,  respected,  but  did  not  at- 
tempt to  improve. 

This  great  astronomer  next  considered  the  motions  of  the  moon  ; 
he  measured  the  length  of  its  revolution  by  comparing  eclipses,  and 
determined  both  the  eccentricity  and  inclination  of  its  orbit ;  he 
ascertained  the  motion  of  its  nodes  and  of  its  &pogee ;  and  from  the 
determination  of  its  parallax  endeavoured  to  conclude  that  of  the 
8«n,  by  the  breadth  of  the  cone  of  the  terrestrial  shadow,  in  an 
eclipse  at  the  moment  it  was  traversed  by  the  moon,  which  led  him 
nearly  to  the  same  result  as  had  been  obtained  by  Aristarchus*  He 
made  a  great  number  of  observations  on  the  planets,  but  too  much 
the  friend  of  truth  to  explain  their  motions  by  uncertain  theories, 
he  left  the  task  of  this  investigation  to  his  successors.  A  new  star 
which  appeared  in  his  time  induced  him  to  undertake  a  catalogue 
of  the  fixed  stars,  to  enable  posterity  to  recognize  any  changes  that 
might  take  place  in  the  appearances  of  the  heavens.  He  was  sen- 
nble  also  of  the  importance  of  such  a  catalogue  for  the  observations 
of  the  moon  and  the  planets.  The  method  he  employed  was  that 
of  Arystillus  and  Timochares,  and  which  we  have  already  explained 
in  the  First  Book.  The  reward  of  this  long  and  laborious  task  was 
the  important  discovery  of  the  precession  of  the  equinoxes;  in  com. 
paring  his  observations  with  those  of  these  astronomers,  he  disco- 
vered that  the  stars  had  changed  their  situation  with  respect  to  the 
equator,  but  had  preserved  the  same  latitude  with  respect  to  the 
ecliptic,  so  that  to  explain  these  difierent  changes,  it  is  sufiicient  to 
give  a  direct  motion  to  the  celestial  sphere  round  the  poles  of  the 
ecliptic,  which  produces  a  retrograde  motion  of  the  equinoxes  with 
respect  to  the  stars.    But  he  announced  his  discovery  with  some 
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reserve^  being  doubtM  of  tbe  accuracy  of  the  obtenrations 
Arystillus  aod  Timochares.  Geography  is  indebted  to  Hipparc 
for  the  method  of  determioiog  places  on  the  earth  by  their  latit 
and  longitude,  for  which  he  first  employed  the  eclipses  of 
moon.  Spherical  trigonometry,  also,  owes  its  origin  to  Hipparcl 
who  applied  it  to  the  numberless  calculations  which  these  invest 
tions  required.  His  principal  works  have  not  been  transmittec 
us ;  they  perished  in  the  conflagration  of  the  Alexandrine  libr: 
and  we  are  only  acquainted  with  them  through  the  Almagest 
Ptolemy. 

The  interval  of  near  three  centuries  which  separated  these 
astronomers^  produced  some  observers,  as  Agrippa,  Menelaus, 
Theon.  We  may  also  notice  in  this  interval  the  reformation  of 
calendar  by  Julius  Caesar,  and  the  precise  knowledge  of  the  ebl 
and  flowing  of  the  sea.  Possidonius  observed  the  law  of  thb  [ 
nomenon,  which  appertains  to  astronomy  by  its  evident  relatioi 
the  motion  of  the  sun  and  moon,  and  of  which  Pliny  the  natun 
has  given  a  description  remarkable  for  its  exactness. 

Ptolemy,  bom  at  Ptolemais  in  Egypt,  flourished  at  Alexaui 
about  the  year  130  of  our  aera.  Hipparchus  had  conceived 
project  of  reforming  astronomy,  and  establishing  the  science  on  i 
foundations.  Ptolemy  continued  this  labour,  too  vast  to  be  ace 
pUshed  by  a  single  individual,  and  has  given  a  complete  treatise 
this  science  in  bis  great  work  entitled  the  Almag^i, 

His  most  important  discovery  is  the  evection  or  libration  of 
moon.  Astronomers  previously  had  only  considered  tbe  motioi 
this  body  relative  to  eclipses ;  by  following  it  through  it^  wl 
course,  Ptolemy  recognized,  that  the  equation  of  the  centre  of 
lunar  orbit,  was  less  in  the  sysigies  than  in  the  quadratures ;  he 
termined  the  law  of  this  difference,  and  ascertained  its  value  i 
great  precision.  To  represent  it,  he  made  the  moon  to  move  u 
an  epicycle  carried  by  an  eccentric^  according  to  a  method  a 
bated  to  Appolonius  the  geometrician,  and  which  had  before  I 
employed  by  Hipparchus, 

It  was  a  general  opinion  of  the  ancients,  that  the  uniform  circ 
motion  being  tbe  most  simple  and  natural,  was  necessarily  tha 
the  heavenly  bodies.  This  error  maintained  its  ground  till  the  \ 
of  Kepler,  and  for  a '  long  time  impeded  him  in  his  researc 
Ptolemy  adopted  it,  and,  phicing  the  earth  on  the  centre  of 
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eel^ial  motions,  he  ondeaTOured  to  represent  th^ir  ineqwalities  'm 
this  false  hypothesis.    Eadoxus  had  previously  imagined  for  thi^ 
object,  every  planet  attached^  to  several  concentric  spheres,  endowed 
with  different  motions ;  but  this  astronomer  not  having  explained 
in  what  manner  these  spheres,  by  their  action  on  the  planets  produce 
the  variety  of  their  motions,  his  hypothecs  hardly  deserves  notice 
in  a  treatise  on  astronomy.    A  much  more  ingenious  hypothesis 
consists  in  moving  along  one  circumference,  of  which  the  earth 
occupies  the  centre,  that  of  another  circumference,  on  which  moves 
that  of  a  third,  and  so  on,  up  to  the  last  circumference,  on  which 
the  body  is  supposed  to  move  uniformly*    If  the  radius  of  one  of 
these  circles  surpasses  the  sum  of  the  others,  the  apparent  motion  of 
the  body  round  the  earth  will  be  composed  of  a  mean  uniform 
motion,  and  of  several  inequalities  depending  on  the  proportions  of 
these  several  radii  to  each  other,  and  the  motions  of  their  centres^ 
and  of  that  of  the  star.     By  increasing  their  number,  and  giving 
them  suitable  dimensions,  we  may  represent  the  inequalities  of  this 
apparent  motion.     Such  is  the  most  general  manner  of  considering 
the  hypothesis  of  cycles  and  eccentrics,  which  Ptolemy  adopted  in 
his  theories  of  the  suu,  moon,  and  planets.    He  supposed  these 
bodies  in  motion  round  the  earth  in  this  order  of  distances— -the 
Moon,  Mercury,  Venus,  the  Sun,  Mars,  Jupiter,  Saturn;  astrono* 
mers  were  divided  in  their  opinions  as  to  the  position  of  Mercury 
and  Venus;  Ptolemy  followed  the  most  ancient  opinion,  and  placed 
them  below  the  sun ;  others  placed  them  above,  and  finally,  the 
Egyptians  made  them  move  round  it.    It  is  singular,  that  Ptdemy 
does  not  mention  this  hypothesis,  which  is  equivalent  to  f^idngthe 
sun  in  the  centre  of  the  epicycles  of  these  two  planets,  instead  of 
making   them  revolve  round  an  imaginary  centre.     But,  being 
persuaded  that  his  system  could  only  be  adapted  to  the  three 
superior  planets,  he  transferred  it  to  the  two  inferior,  and  was  rall- 
ied by  a  false  application  of  the  principle  of  the  muformity  of  the 
laws  of  nature,  which,  if  he  had  set  out  from  the  discovery  of  the 
Egyptians,  on  the  motions  of  Mercury  and  Venus,  would  have  led 
him  to  the  true  system  of  the  world*    But  even,  if  epicycles  could 
be  made  to  represent  the  inequalities  of  the  motions  of  the  heavenly 
bodies,  still  it  would  be  impossible  to  represent  the  variations  in 
their  distances.     In  the  time  of  Ptolemy,  these  variations  were  aK 
most  insensible  in  the  planets,  whose  apparent  diameters  could  not 
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then  be  measared.  But  his  obser?ations  on  tbe  mooo  should  hfttA- 
taught  him  that  his  hypothesis  was  errooeous^  according  to  which 
tlie  diameter  of  the  moon  perigee^  in  the  quadratures,  should  be 
double  of  the  diameter  apogee  in  the  sysigies.  The  motion  in 
latitude  of  the  planets,  was  another  difficulty  to  be  unexplained  by 
this  system ;  and  every  inequality  which  the  improvements  in  the 
art  of  observing  discovered,  incumbered  this  system  with  a  new 
epicycle,  which,  instead  of  being  confirmed  by  the  progress  of  the 
science,  has  only  grown  more  and  more  complicated;  and  this 
should  convince  us,  that  it  is  not  that  of  nature.  But  in  consider- 
ing it  as  a  method  of  adapting  the  celestial  motions  to  calculation, 
this  first  attempt  of  the  human  understanding  towards  an  object  so 
very  complicated,  does  great  honour  to  the  sagacity  of  its  author. 

Ptolemy  confirmed  the  motion  of  the  equinoxes,  discovered  by 
Hipparchus,  by  comparing  his  observations  with  those  of  this  great 
astronomer*  He  established  the  respective  immobility  of  the 
stars,  their  invariable  latitude  to  the  ecliptic,  and  their  motion  in 
longitude,  which  he  found  *  1 1 1''  in  every  year^  as  Hipparchus  had 
suspected. 

We  now  know  that  this  motion  is  very  nearly  f  154'  annually, 
\irhich,  considering  the  interval  between  the  observations  of  Ptolemy 
and  Hipparchus,  implies  an  error  of  more  than  one  degree  in  their 
observations.  Notwithstanding  the  difficulty  which  attended  the 
determination  of  the  longitude  of  the  stars,  when  observers  had 
no  exact  measure  of  time,  we  are  surprised  that  so  great  an  error 
should  have  been  conunitted»  particularly  when  we  observe  the 
agreement  of  the  observations  with  each  other,  which  Ptolemy 
cites  as  a  proof  of  the  accuracy  of  his  result.  He  has  been  re- 
proached with  having  altered  them,  but  this  reproach  is  not  found- 
ed; his  error,  in  the  determuiation  of  the  motion  of  the  equinoxes, 
seems  to  have  been  derived  from  too  great  confidence  in  the  result 
of  Hipparchus,  relative  to  the  length  of  the  tropical  year  and  the 
motion  of  the  sun.  In  fact,  Ptolemy  determined  the  longitudes  of 
the  stars,  by  comparing  them  either  with  the  sun,  or  with  the 
moon,  which  was  equivalent  to  a  comparison  with  the  sun,  since 
the  synodical  revolution  of  the  Moon  was  well  known  by  the  means 
of  eclipses.    Now,  Hipparchus  having  supposed  the  year  too  long^ 

*  36".9.  t  60^. 
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ftnd  comeqventfy  tbe  motion  of  the  tim  in  toagitud^  too  Oomt  it  b 
etoir  thftt  t^s  error  diminished  the  longitudes  of  tbe  sun  and 
moon,  ^npipyed  by  Ploleroy.  The  motion  in  longitude^  which  he 
nttribnted  to  the  stani,  is  top  smell  by  the  arc  described  1^  the  sun 
in  the  time,  equal  to  the  earof  of  Hipparebus  in  the  leogjth  of  the 
year. 

In  the  thne  irf  Hipparcfau8>  tbe  tropiod  year  was  365.243M: 
Ibis  great  astronomer  suppcned  it  B65M66J;  the  dlftrence  i$433% 
and  during  this  intenal  the  son  describes  an  arc  of  4?";  this, 
added  to  the  annual  piecession  of  111",  determined  by  Ptolemy, 
gives  158  fiir  the  precession,  vfaich  he  would  have  founds  If  be  had 
computed  from  tl^e  length  of  ^e  true  tropical  year,  the  error  would 
then  have  been  o^  4!\ 

This  remari[  has  led  to  the  exammation  of  another  questicm.  it 
had  been  generally  believed,  that  the  catalogue  of  Ptolemy,  was 
that  of  Hipparchus,  reduced  to  his  time  by  means  of  the  annual 
fitecessioB  of  1 1 1".  This  opinion  is  founded  on  this  circumstance^ 
that  tbe  constant  error  in  loufUude  of  bis  stais>  disappear  when 
lednced  to  the  time  of  Hq^parehHs.  But  the  evplsMiatipn  wUsh  we 
have  given  of  the  cause  of  this  error,  justifies  Ptolemy  ftom  the  re- 
proach  whidi  has  been  imputed  to  him,  of  having  tal^en  tbe  meiit 
of  Hipparchus  to  himself;  and  it  seems  right  to  beUeve  him,  when 
he  asserts  that  he  has  observed  all  the  stars  of  }iS$  own  ci^^c^ue, 
even  to  the  ^ars  of  tbe  sixth  magpitnck.  He  adds,  at  the  same 
tune,  that  he  found  very  nearly  the  same  positions  of  the  stars, 
relatively  to  the  ecliptic,  as  Hipparchus,  so  that  the  difference  be- 
tween these  two  catalogues  must  have  beeit  very  small*  Thus,  the 
observations  of  Ptolemy  on  the  stars,  and  the  true  value  which  he 
has  assigned  to  the  evectioo,  are  proofs  of  his  exactness  as  an  ob- 
server. It  is  true>  that  the  three  equinoxes  which  he  has  observed, 
are  inaccurate;  but  it  appears  that^  too  much  prepossessed  in 
fiivour  of  the  exactness  of  the  solar  tables  of  Hipparchus,  he  made 
his  observations  of  the  equinoxes,  at  that  time  very  difficult,  coin- 
cide  with  them,  as  the  derangement  of  his  armillary  might  have 
been  sufficient  to  explain  the  errors. 

The  astronomical  edifice  raised  by  Ptolemy,  subsisted  near  four« 
teen  centuries,  and  now  that  it  is  entirely  destroyed,  his  Almagest, 
considered  as  a  depositary  of  ancient  observations^  is  one  of  the  ^ 
most  precious  monuments  of  antiquity.    Ptolemy  has  not  rendered 
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less  service  to  geography,  in  collecting  all  the  known  longitudes  s 
latitudes  of  different  places,   and  laying  the  foandatioa  of 
method  of  projections,  for  the  construction  of  geographical  cha 
He  composed  a  great  treatise  on  optics^  which  has  not  been  ( 
served,  in  which  he  explained  the  astronomical  refractions: 
likewise  wrote  treatises  on   the  several  sciences  of  chronolc 
iikusic,  gnomonics,  and  mechanics.    So  many  labours,  and  on  s 
a  variety  of  subjects,  manifest  a  very  superior  genius,  and  will  € 
obtain  him  a  distinguished  rank  in  the  history  of  science.     On 
revival  of  astronomy,  when  his  system  gave  way  to  that  of  nati 
nmnkind  avenged  themselves  on  him  for  the  despotism  it  had 
long  maintained ;  and  they  accused  Ptolemy  of  having  appropria 
to  himself  the  discoveries  of  his  predecessors ;  but  in  his  time, 
'works  of  Hipparchus,  and  of  the  astronomers  of  Alexandria,  nr 
have  been  sufficiently  known  to  have  rendered  excusable  hb 
distinguishing  what  belonged  to  them  from  hb  own  discoveries, 
to  the  long  continuation  of  his  errors,  it  must  be  attributed  to 
same  causes  which  replunged  Europe  into  darkness.    The  ftunc 
Ptolemy  has  met  with  the  same  late  as  that  of  Aristotle  and  I 
cartes.     Their  errors  were  no  sooner  recognized*   than  a  hi 
admiration  gave  way  to  an  unjust  contempt^  for  even  in  sde 
itself,  the  most  useful  revolutions  are  not  always  exempt  from  { 
sion  and  prejudice* 

[La  Place,  Exposition  du  Syst^nw  du  Mom 
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It  is  to  the  Arabians  that  modem  Europe  is  indebted  for  the  first 
wys  of  %bt  that  dissipated  the  darkness  in  which  it  was  enveloped 
during  twelve  centuries.  They  transmitted  to  us  the  treasure  of 
knowledge  wbicli  they  received  from  the  Greeks  who  were  them- 
selves disciples  of  the  Egyptians;'  but  by  a  deplorable  fatality  the 
arts  and  sciences  disappeared  among  all  these  nations,  as  soon  as 
they  bad  communicated  them. 

Despotism  has  for  a  long  period  extended  its  barbarism  over  those 
beautiful  countries  where  science  first  received  its  origin,  and  Ihose 
names  which  formerly  rendered  them  celebrated,  are  now  unknown 
in  them, 

Alphonso,  kmg  of  Castille,  was  one  of  the  first  sovereigns  who 
encouraged  the  revivd  of  astronomy  in  Europe.  This  science  can 
reckon  but  few  such  zealous  protectors ;  but  he  was  ill  seconded  by 
the  astronomers  whom  he  had  assembled  at  a  considerable  expense, 
and  the  tables  which  they  publbhed  did  not  answer  to  the  great 
cost  they  had  occasioned* 

Endowed  with  a  correct  judgment,  Alphonso  was  shocked  at  the  ' 
confudon  of  the  circles  in  which  the  celestial  bodies  were  supposed 
to  move ;  he  felt  that  the  expedients  employed  by  nature  ought  to 
be  more  simple.  "  If  the  Deity,*'  said  he,  "  had  asked  my  advice, 
«  these  things  would  have  been  better  arranged  •'^  JBy  these  words, 
Vi^hich  are  taxed  with  impiety,  he  meant  to  express  that  mankind 
were  still  far  from  knowing  the  true  mechanism  of  the  universe. 

In  the  time  of  Alphonso,  Europe  was  indebted  to  the  encourage- 
ment of  Frederic  II.  Emperor  of  Germany,  for  the  first  Latin 
translation  of  the  Almagest  of  Ptolemy,  which  was  made  from  the 
Arabic  version. 

We  are  now  arrived  at  that  celebrated  epoch  when  astronomy, 
escaping  from  the  narrow  sphere  which  had  hitherto  confined  it, 
raised  itself  by  a  rapid  and  continued  progress  to  the  height  where 
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we  now  behold  it«  Purbech^  Regiomontmnqs^  and  Walther,  pre^ 
pared  the  way  to  these  prosperous  days  of  the  science,  and  Coper* 
nicus  gave  them  birth  by  the  fortunate  explanation  of  the  celestial 
phsenomena,  by  means  of  the  moiiou  of  the  earth  on  its  axis,  and 
vound  the  sun. 

Shocked,  like  Alphonso,  at  the  extreme  complication  of  the 
system  of  Ptolemy,  he  tried  to  find  among  the  ancient  philosophers 
a  more  simple  arrangement  of  the  universe.  He  found  that  maiqf 
of  them  had  supposed  Venus  and  Mercury  to  move  round  the  sun  t 
that  Nicetas,  according  to  Cicero,  made  the  earth  revolve  on  its 
axis,  and  by  this  means  freed  the  celestial  sphere  from  that  ibcor- 
):eivable  velocity  which  must  be  attributed  to  it  to  accofbplish  itf 
diurnal  revolution^  He  learnt  from  Aristotle  and  Plutarch,  that  the 
Pytfaagorists  had  made  the  earth  and  planets  move  round  the  son, 
which  they  placed  in  the  centre  of  the  universe.  These  luminous 
ideas  struck  him ;  he  applied  them  to  4he  astronomical  observations 
which  time  had  multiplied,  and  had  the  satisfriction  to  see  them 
yield,  without  difficulty,  to  the  theory  of  the  motion  of  the  Eartfa.^ 
The  diurnal  revolution  of  the  heavens  was  only  an  illusion  due  to 
the  rotation  of  the  earth,  and  the  precession  of  the  equinoxes  is 
deduced  to  a  sligbt  motion  of  the  terrestrial  axis.  The  circles,  ima« 
glued  by  Ptolemy,  to  explain  the  alternate  direct  and  retrograde 
motions  of  the  planets,  disappeared..  Copernicus  only  saw  in  these 
ringular  phaeuomena,  the  appearances  produced  by  the  motion  of 
the  earth  round  the  sun,  with  that  of  the  planets:  and  he  con* 
eluded,  from  hence,  the  respective  dimensions  of  their  orbits, 
which  till  then  were  unknown.^  Finally,  every  thing  in  this  system 
announced  that  beautifrtl  simj^idty  in^  the  expedients  of  nature, 
which  delists  so  much  when  we  are  fortunate  enough  to  discover 
it.  Copernicus  pubUshed  it  in  hb  woifc.  On  the  Celesiki  Repoiu' 
turns  ^  not  to  shock  received  prejudices,  he  presented  it  under  the 
form  of  an  hypothesis*  ^  Astronomers,**  said  he,  *«  in  his  dedica- 
tion to  Paul  III.,  being  permitted  to  imagine  circles,  to  explain  the 
motion  of  the  stars,  I  thought  myself  equally  entitled  to  examme 
if  the  supposition  of  the  motion  of  the  earth,  would  render  the 
tiieory  of  these  appearances  more  exact  and  simple*'^ 

This  great  man  did  not  witness  the  success  of  hb  woi^.  He  died 
suddenly  by  the  rupture  of  a  blood*vessel,  at  the  age  of  seventy- 
one  years^  a  few  days  after  receiving  the  first  proof*    He  was  bom 
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leanung  tbe  Gieok  and  Lttoi  ki^vagtt,  ke  went  to  coatmue  hk 
studies  at  CmcofM.  Afterwards,  iadaced  bjr  his  taste  for  a8tr»» 
nonj,  and  by  the  ffepatathm  whkh  Regiaaiontaaus  had  «cqairod» 
he  uadertook  a  journey  to  Itafy,  where  this  seience  was  tau^  with 
suecess:  beaif  greatly  desirous  to  reader  himself  ittustrtous  by  the 
same  career,  he  followed  the  lessons  of  Domhiic  Maria,  at  Bologna* 
When  arrifed  at  Ronw,  his  taleirts  ohtamed  him  tiie  phice  of  pro* 
lessor:  he  afteiwards  quitted  Ihis  cky  toostahlish  himsdf  at  Fra* 
^■enherg,  where  his  unde,  then  Biihop  of  Wansk,  made  him  a, 
'caaon.  U  was  in  this  traaqnfl  ahode,  that  l^  thurty-siK  yean  of 
observation  and  meditation,  he  established  his  theory  of  4he  motion 
of  the  eartlu  At  his  deadi,  he  was  boried  in  the  cathedral  of  Fra- 
irenberg,  without  any  pomp  or  epitaph ;  hot  his  menmry  wiH  emt 
as  imig  as  the  great  truths  which  he  has  agam  intvoduced  with  saeh 
«videnoe,  us  to  ha^e  at  length  diisipated  tbe  illusions  4>f  the  senses, 
und  snrmoimted  the  dificnhies  whieh  ignoranoe  of  the  laws  of  me» 
dnniGS  had  opposed  to  them. 

These  truths  had  yet  to  vanquish  eibstades  of  anotfierkuid,  and 
erhieh,  arisaigftora  a  respeded  sonrce,  would  have  stMod  them  If 
the  rapid  progress  of  uM  the  mathematical  seienees  had  not  con* 
«uned  to  support  ^lem* 

Religton  was  invoked  to  destroy  an  astronomical  system,  and  one 
^  9H  defenders,  w^ose  disooveries  did  honor  to  his  age  and  eoua* 
try,  was  tormented  by  repeated  prosecutions.  Betiwcus,  the  dis- 
ciple of  Copenncus,  wus  the  first  who  adopted  his  Ideas;  but  Oiejr 
were  not  in  great  estimation  till  towaids  the  begmning  of  the  jeven- 
leenth  cenlniy,  and  then  they  «^ed  it  principally  to  the  labours  and 
nisibrtunes  <^  Galileo. 

A  fortunate  accident  had  made  fmown  the  most  wonderful  instra* 
flient  ever  discovered  by  human  ingenuity,  and  which,  by  giving  to 
astronomical  observations  a  precision  and  extent  hitherto  unhoped 
-for,  displayed  m  the  heavens  new  ine<|ualities,  and  new  worlds. 
OalHeo  hardly  hnew  of  the  first  trials  of  the  telescope,  before  he 
fyent  his  mind  to  bring  it  to  perfection.  Directing  it  towards  the 
stars,  he  discovered  the  four  satellites  of  Jupiter,  which  sbeifed  a 
new  analogy  betwe^tbe  earth  and  phuiets;  he  afterwards  observed 
the  phases  of  Tenns,  and  from  that  moment  he  no  longer  doubted 
^f  its  motion  round  the  snn«    The  milky  way  displayed  to  him  an 
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infinite  number  of  small  stars^  which  the  irradiation  confounds  to 
the  naked  eye,  in  a  white  and  continued  light ;  the  luminous  pointa 
which  he  perceived  b«yond  the  line  which  separated  the  Kght  part 
of  the  moon  from  the  dark,  made  him  acquainted  with  the  exist- 
ence and  height  of  its  mountains.  At  length  he  observed  the  ap- 
pearances occasioned  by  Saturn's  ring,  the  spots  and  rotation  of  the 
/sun.  In  publishing  these  discoveries,  he  showed  that  they  proved 
jncontestibly,  the  motion  of  the  earth ;  but  the  idea  of  thn  motion 
was  declared  heretical  by  a  congregation  of  cardinals ;  and  Galileo, 
its  most  celebrated  defender,  was  cited  to  the  tribunal  of  thelnqui* 
sition^  and  compelled  to  retract  this  theory,  to  escape  a  rigorous 
prison. 

One  of  the  strongest  passions  is  the  love  of  truth  in  a  man  of 
genius.  Full  of  the  eutHnsiasm  which  a  great  discovery  inspires,  he 
burns  with  ardour  to  disseminate  it,  and  the  obstacles  which  igno* 
ranee  and  superstition,  armed  with  power,  oppose  to  it,  only  irritate 
and  increase  his  energy.  Galileo,  convinced  by  hb  own  observa- 
tions of  the  motion  of  the  earth,  had  long  meditated  a  new  work, 
in  whicb  he  proposed  to  develope  the  proofe  of  it.  But  to  shelter 
bimself  from  the  persecution  of  which  he  had  barely  escaped  being 
the  victim,  he  proposed  to  present  them,  under  the  form  of  dialogues 
between  three  interlocutors,  one  of  whom  defended  the  system  of 
Copernicus,  combated  by  a  Pei^patetic.  It  is  obvious,  that  the 
advantage  would  rest  with  the  defender  of  this  system ;  but,  as 
.Galileo  did  not  decide  between  them,  and  gave  as  much  weight  as 
possible  to  the  objections  of  the  partisans  of  Ptolemy,  he  had  a 
right  to  expect  ihtiX  tranquillity  which  his  age  and  labours  noerited. 

The  success  of  these  dialogues^  and  the  triumphant  manner  with 
which  all  the  difficulties  against  the  motion  of  the  earth  were  re* 
solved,  roused  the  Inquisition.  G^diko,  at  the  age  of  seventy,  was 
again  cited  before  this  tribunal.  The  protection  of  the  grand  Duke 
of  Tuscany  could  not  excuse  his  appearance.  He  was  confined 
in  a  prison,  where  his  opponents  required  of  hhn  a  second  dis« 
avowal  of  his  sentiments,  and  threatening  him  with  the  punishment 
incurred  by  contumacy,  if  he  continued  to  teach  the  system  of 
Copernicus. 

He  mas  compelled  to  sign  this  formula  of  abjuration : 

♦*  J  Galileo,  in  the  seventieth  year  of  my  age,  brought  personally 
^  to  justice,  being  on  my  knees,  and  having  before  my  eyes  the  holy 
•*  Evangelists,  which  1  touch  wifh  my  own  hands,  with  a  sincere  heart 
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5'  0td  faUkf  QJ^wre^  curse,  and  detest^  ihe4dsurdiiyt  ^roTp  and  herei^p 

of  the  modoa  of  the  EoriK  &c. 

What  a  apectaclfs  I  A  venerable  -old  man^  rendered  illustrious  by 
a  loQg  life,  <soD8ecrated  to  the  study  of  nature,  abjuring  on  his 
knees,  j^ainst  the  testiuioiiy  of  his.  own^  conscience,  the  truth  which 
he  had  so  evidently  proved.  A  decree  of  the  Inquisition  condemor 
ed  him  to  a  perpetual  prison.  He  was  released  after  a  year,  at  the 
solicitations  of  the  g^and  duke ;  but,  to  prevent  his  withdrawii^ 
bimself  from  tlie  power  of  the  Inquisition,  he  was  forbidden  to 
leave  the  territory  of  Florence. 

B<Mm  at  Pisa,  in  1564,  he  gave  early  indications  of  those  talents 
which  w^e  afterwards  developed.  Mechanics  owe  to  him  many 
discoveries,  of  which  the  most  important  is  the  theory  of  £illing 
bodies* 

.  Galileo  was  occupied  with  the  libration  of  the  moon  when  he 
lost  his  s^ht;  be  died  three  years  afterwards,  at  Arcetre,  in  l642, 
regretted  by  all  Europe,  which  he  left  enlightened  by  his  labours, 
4Uid  ind^nant  at  the  judgment  passed  against  so  great  a  man  by 
an  4>dious  tribunal. 

.  While  this  passed  in  Italy,  Kepler,  in  Germany,  developed  tlie 
3aw8  of  the  planetary  motions.  But,  previous  to  the  accouut  of 
his  discoveries,  it  is  necessary  to  look  back  and  to  describe  the  pro- 
gress of  astronomy  in  the  north  of  Europe,  after  the  death  of 
Copernicus. 

The  history  of  this  science  presents  at  this  epoch  a  great  number 
of  e&eellent  observers.  One  of  the  most  illustrious  was  William 
IV.  Landgrave  of  Hesse-Cassel.  He  had  an  observatory  built  at 
Cassel,  which  he  furnished  with  instruments,  constructed  with  eare, 
and  with  which  he  observed  a  long  time.  He  procured  two  cele- 
brated astronomers,  Rothman  and  Juste  Byrye;  and  Tycho  owed 
to  his  pressing  solicitations,  the  advantages  which  Frederic,  King 
of  Denmark,  obtained  for  him. 

Tycho  Brahe,  who  was  one  of  the  greatest  observers  that  ever 
existed,  was  bom  at  Knucksturp,  m  Norway.  His  taste  for  astro- 
nomy was  manifested  at  the  age  of  fourteen  years,  on  the  occasion 
of  an  eclipse  of  the  sun  which  happened  in  1560.  At  this  age, 
when  reflection  is  so  rare,  the  justice  of  the  calculation  which 
announced  this  phienomenon,  inspired  him  with  an  anxious  desire 
to  know  its  principles;  and  this  desire  was  still  further  increased  by 
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the  opposftiM  of  hk  prtctjpUk  lind  ftaiHy«  Ife  tntvelM  ti  OeN 
ittany>  where  he  formed  connectimis  of  correspondence  tthd  firieiid^ 
lihip  with  the  most  diatfaiguished  penMM  who  pttrtned  tstronomy 
either  m  ■  profeasiou  or  aittttifeiiietit^  and  ptrtfienltHy  with  the 
Landgrftfe  of  Heste-Oftssdi  Who  receifed  him  Id  the  moftt  fluttering 
manner. 

On  his  retikm  to  hn  own  contotrj,  he  was  fixed  there  by  his  sove^ 
leign,  Fred<eric«  who  ga?e  him  the  little  isUuid  of  Hnena  at  the 
tetrance  of  the  Baltic,  Here  Tycho  bnilt  a  celebrated  observatory^ 
which  was  called  Uranibourg:  and  dnring  an  abode  of  twenty-on^ 
years^  accumulated  a  prodigious  mass  of  observations  and  im- 
portant discoveries.  At  the  death  of  Frederic,  envy»  then  unre^ 
strained^  compelled  Tycho  to  leave  his  retreat.  His  retniv  t6 
Copenhagen  did  not  appease  the  rage  of  his  prosecutors;  the  mi>> 
nister^  Wakhendorp  (whose  name,  like  that  of  all  mefel  who  hiive 
abused  the  power  entrusted  tb  them,  ought  to  be  handed  down  td 
the  execration  of  all  siges),  forbad  him  to  cdlitinue  his  observations; 
t^drtunately,  Tycho  found  a  powerM  protector  b  the  Smperor 
Rodolph  II.  who  settled  on  him  a  considerable  pension,  and  lodged 
him  commodionsly  at  Prague.  He  dibd  suddenly  at  this  city,  on 
ihe  24th  of  October,  l^Oi,  in  the  midst  of  his  labours^  and  at  an 
age  when  astronomy  might  have  expectdl  great  serWces  fkota  him. ' 

The  invenliotaibf  new  inst^unkents,  and  kie#  improvements^  added 
to  the  old  ones  a  nwch  greater  predsion  in  observation  ;  a  eat alogn^ 
of  stars  very  superibr  td  those  of  Hipparchu^  and  Uhigh  Beigh ; 
Ihe  discovery  of  thit  inei^iiBlity  of  Ihe  taioon,  Whkh  is  ei^ed  va- 
riation ;  tliat  of  the  ihequaiities  t>f  the  motion  of  the  nodes>  and  of 
the  mclmation  of  the  luHar  orbit:  the  hiterestilig  remark,  that 
comets  are  beyond  this  oibit;  a  mdre  peHect  knowledgi6  of  astny^ 
iiomical  refraction;  finally.  Very  nomettras  observations  of  th^ 
planets,  which  have  served  as  the  basis  of  the  discoveries  of  Kepler. 
Such  are  the  principal  services  which  ly^o  Brahe  has  rendered 
astronomy.  Struck  with  the  objections  which  the  advenaries  of 
Copernicus  made  to  the  motion  of  the  earth,  and  perhaps  fhflnenced 
by  the  vanity  of  wishing  to  give  his  naine  to  an  astronomical  SyMeiA;, 
he  mistook  that  of  ioature.  According  to  hhn,  the  earth  i»  im'» 
movable  in  the  centre  of  the  universe  5  all  the  stars  move  evei^4ay 
round  the  axis  of  the  world ;  and  the  sun,  in  its  apnnal  revolutfioir, 
carries  with  it  the  planets.    In  this  system,  already  known^  the  ap^ 
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petriyMles  mrt  liw  lime  m  in  that  %t  the  oMtiM  of  th^  eardi;  W« 
•ui(y,  IB  gtmtMf  c—ridgr  atay  H*°^  ^^  dme ;  f#r  «i«iiiple»  Hm 
centire  of  the  mooo.i»«imnK>«tbki  preTided  we  Mtign  tiie^  ioN>tiMi 
with  which  it  is  aninMKkd  in  a  oeitiary  direction  to  wki  the  stars. 

But,  is  it  not  p^pcilly  absurd  to  suppose  the  earth  inioiovable 
in  space,  while  thti^n  carries  with  it  tlw  planets  in  which  it  is  in^ 
diMtod  ?  How  could  ^  distance  ftoai  the  earth  to  the  sm^  wMch 
agfees  so  well  with  the  dumlioii  of  ks  revt^utioti  in  the  hypothesis 
of  the  mo^n  of  theeaith>  leave  any  doabt  of  the  truth  ofbthis  hy^ 
pothesby  in  a  mind  constittiled  to  leel  the  fbree  of  aimfiigy.  tt 
mast  be  confessed  that  TjFcho>  tho^h  a  great  obsenrer^^as  not 
fortunate  in  his  research  after  causes;  hb  unphilosophical  ^d  had 
eveb  imbfted  the  pn)|«dtces  i6f  iastkology,  which  he  tried  trii^nd. 

It  woukl>  be>  however,  uiyfust  to  jiidge  him  with  the  sii^ve  rigot 
as  o»e  who  should  reiiise  at  present  to  believe  the  motitf^of  the 
earthy  confirmed  by  the  numerons  discoveries  made  m  aiifpnotti;^ 
smce  that  period.  '^' 

Tkt  diffieahies  winch  the  iHusions  of  Ihe  senses  opposb^to  thi^ 
theory,  were  not  then  completely  removed*  The  appoacntdia* 
meter  of  the  fined  stars,  greater  than  their  aimual  jparallax;  give  to 
these  «tarson  this  tiieory,  a  real  dmmeter,  greater  than,rthat  of 
the  terrefCriri  orbit.  The  telescope^  by  reducing  them  to  laminous 
points,  make  this  hnpvobaUe  magnitude  disappear.  Itcoaldnot  be 
conceived  how  these  bodies,  detached  from  the  earth,  conld  follow 
its  SMitioB*  The  laWs  of  aM^ianice  have  expli^sed  these  lif^iear. 
ances;  Hwy  have  proved^  what  Tycho  had  again  made  doobtfiil^ 
Aiata  body,  laUmg  firom  a  considerable  height,  and  abandoned  to 
Ibeaetionxif  graVkyakme^  ought  to  iatt  very  nearly  in  a  vertical 
line,  only  dtviatmg  to  thfe  east,  by  a  i|ciaihtity  difficult  to  esthiata 
-accnrately  by  blnervatian  from  its  nunutebess,  so  that  at  present 
there  is  as  much  difficulty  in  proving  the  motion  of  the  earth  by  a 
dUrect  experiment^  at  fbrmerly  existed  to  prove  that  it  should  be 
mseamUe^ 

In  Mi  Inter  yeafs  Tyeho  Brahe  had  Kepler  for  a  disdple  abd 
amisMt.  lie  was  born  tn  \57U  ^t  Vie^  m  the  duchy  of  Wirtem* 
beig,  and  was  one  of  those  extraordinary  men  whom  nature  grtuita 
«ow  and  then  to  the  seieilces,  to  bring  to  light  those  great  theories 
aHilbh  have  been  prepeied  by  the  Id^dur  of  nmny  centaries. 

The  career  of  the  sciences  did  not  i^pear  to  him  proper  to  sa» 
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tisfy  the  ambition  he  felt  of  rendering  hinnelf  iHustrions ;  but  the 
asceDdancj  of  his  genius,  and  the  exbortatiooB  of  MaestHiius,  led 
him  to  astronomy :  and  he  entered  into  Ihe^  pursuit  with  all  the 
activity  of  a  mind  passionately  desirous  of  gloty. 

The  philosopher,  endowed  with  a  lively  imagjoation,  and  impa- 
tient to  know  the  causes  of  the  phaenomena  wiwch  he  sees,  often 
obtahis  a  glimpse  of  it,  before  observation  caibcondnct  him  to  it 
Doubtless  he  m%;ht,  with  greater  certainty^  ascertain  the  cause  from 
the  phaenomena;  but  the  history  of  sdence  proves  to  us,  that  this 
slow  progress  has  not  always  been  that  of  inventors. 

What  rocks  has  he  to  fear,  who  takes  tiis  imagination  for  his 
guide ! 

Prepossessed  with  the  cause  which  it  presents  to  him,  instead  of 
rejecting  it  when  contradicted  by  facts,  he  alters  the  facts  to  make 
them  agree  with  hb  hypothesis;  he  mutilates,  if  I  may  be  allowed 
the  expression,  the  work  of  nature,  to  make  it  resemble  that  of  his 
imaginatiou,  without  reflecting  that  time  destroys  with  one  hand 
tiiese  vain  phantoms,  and  with  the  other  confirms  the  r^uits  of  cal- 
culation and  experience. 

The  philosopher  who  is  really  useful  to  the  cause  of  science,  k 
he,  who,  uniting  to  a  fertile  imagination,  a  rigid  severity  in  investi- 
gation and  observation,  is  at  once  tormented  by  the  desire  of  swcer- 
taining  the  cause  of  the  phaenomena,  and  by  the  fear  of  deceiving 
himself  in  that  which  he  assigns. 

Kepler  owed  the  first  of  these  advantages  to  nature,  and  the  se- 
cond to  Tycho  Brahe.  This  great  observer,  wh<mi  he  wait  to  see 
at  Prague,  and  who  had  discovered  the  genius  of  Kepler,  in  Us 
earliest  works,  notwithstanding  the  mysterious  analogies  ofnumben 
and  figures  with  which  it  was  filled,  exhorted  him  to  devote  bis 
time  to  observation,  and  procured  him  the  title  of  Imperml  mathe^ 
maticiau. 

The  death  of  Tycho,  which  happened  a  few  years  afterwards,  put 
Kepler  in  possession  of  his  valuable  collection  of  observations,  of 
which  he  made  a  most  noble  use,  founding  on  them  three  of  the 
most  important  discoveries  that  have  been  made  in  natural  philo- 
sophy. 

.  It  was  an  opposition  of  Mars  which  determined  Kepler  to  employ 
himself  on  the  motions  of  this  planet,  rather  Uian  on  any  other* 
His  choice  was  fortunate  in  thb  respect,  that  the  orbit  of  Mars^ 
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Mog  one  of  the  most  eccentric  of  the  planetary  system,  the  ineqba* 
lities  of  his  motion  are  more  perceptible^  and  therefore  lead  to  the 
discovery  of  their  laws  with  greater  fieicility  and  precision*  Though 
the  theory  of  the  motion  of.  the  earth  had  made  the  greater  part  of 
those  circles  with  which  Ptolemy  had  embarrassed  astronomy  dis- 
appear^ yet  Copernicus  had  substituted  many  others  to  explain  the 
real  inequalities  of  the  celestial  bodies* 

Kepler,  deceived  like  him,  by  the  opinion  that  their  motions 
ought  to  be  circular  and  uniform,  tried  a  long  time  to  represent 
those  of  Mars  in  this  hypothesis^  FinaUy,  after  a  great  number  of 
trials,  which  he  has  related  in  detail  in  his  famous  work  called 
Stella  Mariis,  he  overcame  the  obstacle,  which  an  error,  supported 
by  the  suffrage  of  every  period,  had  opposed  to  him ;  be  discovered 
that  the  orbit  of  Mars  is  an  ellipse,  of  whkh  the  sun  occupies  one 
of  the  foci,  and  that  the  motion  of  the  planet  is  such,  that  the  radius 
vector,  drawn  from  its  centre  to  that  of  the  sun,  describes  equal  area^ 
in  equal  times*  Kepler  extended  these  results  to  all  the  planets,  and 
published  from  this  theory,  in  J  626,  the  Rudolphine  tables,  for  ever 
jnenu)rable  in  astronomy,  as  being  the  first  founded  on  the  true  laws 
of  the  planetary  motions* 

Without  the  speculations  of  the  Greeks,  on  the  curves  formed 
from  the  section  of  a  cone  by  a  plane,  these  beautiful  laws  might 
have  been  still  unknown.  The  ellipse  being  one  of  these  curves,  its  ob« 
long  figure  gave  rise,  in  the  mind  of  Kepler,  to  the  idea  of  supposing 
the  planet  Mars,  whose  orbit  he  had  discovered  to  be  oval,  to  move 
on  it ;  and  soon,  by  means  of  the  numerous  properties  which  the 
ancient  geometricians  had  found  in  the  conic  sections,  he  became 
convinced  of  the  truth  of  this  hypothesis.  The  history  of  the 
jMsences  offers  us  many  examples  of  these  applications  of  pure  geo- 
metry^  and  of  its  advantages  ;  for  every  thing  is  connected  in  the 
immense  chain  of  truths,  and  often  a  single  observation  has  been 
sufficient  to  show  the  connection  between  a  proportion  apparently 
the  most  sterile,  and  the  phenomena  of  nature,  which  are  only  ma- 
thepiatical  results  of  general  laws* 

The  perception  of  this  truth  probably  gave  birth  to  the  myste« 
rious  analogies  of  the  Pythagorists :  they  had  seduced  Kepler,  and 
be  owed  to  them  one  of  his  most  beautiful  discoveries.  Persuaded 
that  the  mean  distances  of  the  planets  from  the  suu^  ought  to  be  re« 
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gtilated  edDformably  to  th^se  aoalegk^  he  conpftred  Aem  a  \mg 
time,  both  with  the  regular  geometrical  8<^ds,  and  with  the  ioter* 
iTals  of  tonesto  At  kDgth^  after  sefeateeo  yean  of  meditatioiis  and 
caltulatioii,  conceiTiiig  the  idea  of  coraparittg  the  powers  of  the 
mimbers  whieh  expressed  them,  he  found  that  Hie  squares  of  the 
times  of  the  plmietary  revolutions,  are  to  each  other  as  the  cubes 
of  the  major  axes  of  their  orbits ;  a  most  important  law,  and  which 
lie  had  the  adv^aatuge  of  observii^  in  the  system  of  the  satelites  of 
liq)iter>  and  which  extends  to  the  systems  of  all  the  satellites. 

We  might  be  astonished  ^t  K^er  should  not  have  applied  the 
getferal  laws  of  elliptic  motion  to  comets.  But,  mbled  by  an  ardent 
JmUgiaatioo,  he  lost  the  clue  c(£  the  analogy,  which  should  have  con- 
ducted him  to  this  great  discovery.  The  comets,  according  to  him, 
being  only  meteors  engendered  in  etfter,  he  neglected  to  study 
their  motion,  and  thus  stopped  in  the  midcHe  of  the  career  which 
was  open  to  him,  abandoning  to  his  successors  a  part  of  the  glory 
Which  he  might  yet  have  acquired.  In  his  time,  the  world  had  just 
bi^un  to  get  a  giimpse  of  the  proper  method  of  pioceeding  in  the 
search  of  truths  at  which  genius  ody  arffved  by  instinct,  frequently 
connecting  errors  with  its  discoveries.  Idslead  of  passing  slowljr 
,  Ihrough  a  succession  of  inductions,  from  msnlated  phsenomena,  to 
bthers  more  extended,  and  from  these  to  the  general  laws  of  nature  -, 
k  was  more  easy  and  more  agreeable  to  sulject  all  the  phsnomena 
to  the  relations  of  convenience  and  harmony,  which  die  imagination 
t:ould  create  and  mod^  at  pleasure. 

Thus^  Kei^er  explained  tbe  disposition  of  tlie  solar  system,  by 
the  laws  of  musical  harmony.  We  behold  him  even  in  his  latest 
Works,  sousing  himself  with  these  chimerical  speculations,  eveh  so 
ikr  as  to  re^rd  them  as  the  **  Hfe  and  sovT  of  astronomy.  He 
lias  deduced  from  them  the  eccentricity  of  the  terrestrial  orbit,  the 
^nsity  of  the  sun,  its  parallax,  and  other  results ;  the  inaccuracy 
of  which,  now  discovered,  is  a  proof  of  the  errors  to  which  we  ex- 
jKise  ourselves,  in  deviating  from  the  rout  traced  by  observation. 

After  having  destroyed  the  epicycles  which  Copernicus  had  pre- 
•^rved ;  after  having  determined  the  curve  which  the  planets  de- 
scribe round  the  sun,  and  discovered  the  laws  of  their  motion^ 
l^epler  approached  too  near  to  the  principle  from  which  these  laws 
•vere  derived,  not  to  anticipate  it.    Attempts  to  discover  thfa  prin- 
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ciple  often  ^Miiised  his  actife  imagkiatioii  i  bat  the  momeBt  was 
Bol  yet  arriiwd  to  make  tUs  last  stepi,  which  demanded  a  more  pro- 
found  knowledge  of  mechanics^  and  a  more  perfect  state  of  geometry, 
Howevavamicbt  the  fmitless  trials  of  Kepler,  and  his  numerous 
enon,  the  connection  of  facts  conducted  him  to  correct  o[Mnions  on 
this  soi^cctj  in  the  work  in  which  he  published  his  principal  disco« 


•*  GimTity,*  he  says  m  his  CcmmenUtry  on  Mars,  *'  is  only  a  mu* 
<«  tail  and  cofporeal  affisction  between  shnUar  bodies.  Heavy 
'*  boifies  do  not  tend  to  the  centre  of  the  world,  but  to  that  of  the 
••  nNmd  body,  of  wUeh  thty  form  a  part;  and  if  the  earth  were 
^  not  spherical*  heavy  bodies  would  not  foil  towards  its  centre,  but 
<'  towards  diftfent  points." 

If  the  noon  and  earth  were  not  retained  at  their  respective  di»> 
tanccsy  they  would  foU  up<Hi  each  other,  the  moon  passing  through 
to  II  of  the  distance*  and  the  earth  passmg  through  the  remainder* 
nVpOM^  them  equally  dense.  He  believed  also,  that  the  attrac- 
tion of  the  moon  was  the  cause  of  Oie  tides,  and  he  suspected,  that 
the  irregidarities  ci  the  lunar  motion  were  produced  by  the  conu 
hmed  actions  of  the  san  and  earth  on  the  moon. 

Astsononiy  owes  to  Kepler  many  other  usefol  discoveries.  His 
work  on  cities  is  foil  of  new  and  interesting  matter;  he  there 
exphms  the  aechankni  of  vision,  which -was  unknowp  before  him. 
He  assigned  the  true  cause  of  the  lumiere  cendr/e  of  the  moon;  but  he 
gave  the  honoar  of  this  cKscovery  to  his  master,  Maestlinus,  entided 
to  notice  from  thif  discovery,  and  fmn  faanng  readied  Kepler  to 
nstKMKMBy*  and  converted  Oidileo  to  the  system  of  Copemiciis. 

finally,  Kepler,  in  his  work  entitled,  Stereometria  Dalkrum, 
has  presented  some  conceptions  on  affinity,  which  influenced  the 
tcvofaitioa  experienced  by  geometry  towards  the  end  of  the  last 
oentuty* 

With  so  many  claims  to  admiration,  this  gfeat  man  lived  in 
■dscry,  while  jodioial  astrology,  every  where  honoured,  was  mag- 
nificently recompensed.  The  astronomers  of  bis  time,  Descartes 
htmseif  and  Galileo,  who  mif^t  have  derived  the  greatest  advwH 
tage  from  his  discoveries,  do  not  appear  to  have  perceived  their 
anqportance. 

Fottnnately  the  ei^yment  which  a  man  of  genius  receives  from 
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the  truths  which  he  dbcoven»  aud  the  prospect  of  a  just  and  grtiU* 
fal  posteritji  console  hior  for  the  ingratitude  of  his  contempo* 
rartes* 

Kepler  had  obtained  pensions  which  were  always  ill  paid :  going 
to  the  diet  of  Ratbbon  to  solicit  his  arrears^  he  died  in  that  city  the 
15th  of  November,  l630.  He  had  in  his  latter  years  the  advantage 
of  seeing  the  discovery  of  logarithms,  and  making  use  of  them^ 
This  was  due  to  Napier,  a  Scottish  baron  ;  it  is  an  admirable  con* 
trivance,  an  iipprovement  on  the  ingenious  algorithm  of  the  Indians; 
and  which,  by  reducing  to  a  few  days  the  labor  of  many  months; 
we  may  almost  say  doubles  the  life  of  astronomers,  and  spares  tkent 
the  errors  and  disgusts  inseparable  from  long  calculations ;— an  in* 
vention  so  much  the  more  gratifying  to  the  human  mind,  as  it  is  en-* 
.  tirely  due  to  its  own  powers :  in  the  arts  man  makes  use  #f  the 
materials  and  forces  of  nature  to  increase  his  powers^  but  here  the 
whole  is  his  own  work. 

The  labours  of  Huygens  followed  soon  after  those  of  Ke|der  aud 
Cralileo*  Very  few  men  have  deserved  so  well  of  the  sciences,  by 
the  importance  and  sublimity  of  their  researches.  The  applicatioii 
of  the  pendulum  to  clocks  is  one  of  the  most  beautiful  acquisitions 
which  astronomy  and  geograf^y  have  made,  and  to  which  fortunate 
invention,  and  to  that  of  the  telescope,  the  theory  and  practice  o£ 
which  Huygens  considerably  improved,  they  owe  their  rapid  pro« 
gress. 

He  discovered,  by  means  of  excellent  object-glasses  which  he 
succeeded  in  constructing,  that  the  singular  appearances  of  Satuni 
were  produced  by  a  very  thin  ring,  with  which  the  planet  is  sur* 
rounded :  his  assiduity  in  observing  made  him  discover  one  of  the 
satellites  of  Saturn. 

He  made  numerous  discoveries  in  geometry  and  mechanics :  and 
if  this  extraordinary  genius  had  conceived  ihe  idea  of  combining  his 
theorems  on  centrifugal  forces  with  his  beautiful  investigation  on 
involutes,  and  with  the  laws  of  Kepler,  he  would  have  preceded 
Newton  in  his  theory  of  curvilinear  motion,  and  iu  that  of  universal 
.gravitation.  But  it  is  not  in  such  approximations  that  discovery 
consists. 

Towards  the  same  time,  Hevelins  rendered  himself  useful  to 
astronomy,  by  his  immense  labours.    Few  such  indefatigable  ob« 
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tfenrers  have  existed  ;  it  is  to  be  regtetted  that  be  would  not  adopt 
the  application  of  telescopes  to  quadrants,  an  invention  wbicb  gave 
a  precision  previously  unknown  to  astronomy. 

At  this  epoch  astronomy  received  a  new  impulse  from  the  estab* 
lishment  of  learned  societies. 

Nature  is  so  various  in  her  productions  and  phaenomena,  of  which 
it  is  so  difficult  to  ascertain  the  causes/  that  it  is  requisite  for  a 
great  number  of  men  to  unite  their  intellect  and  exertions  to  com« 
prehend  and  develop  her  laws.  This  union  is  particularly  requisite 
when  the  sciences  in  extending  approximate^  and  require  mutual 
suj^rt  from  each  other. 

It  is  then,  that  the  natural  philosopher  has  recourse  to  geometry^ 
to  arrive  at  the  general  causes  of  the  phaenoraena  which  he  observes, 
and  the  geometrician  in  hb  turn  interrogates  the  philosopher,  in 
order  to  render  his  own  investigation  useful,  by  applying  them  to 
experience :  and  to  open  in  these  applications  a  new  road  iu  analysis* 
But  the  furiBcipal  advantage  of  learned  societies  is  the  philosophical 
feeling  on  every  subject  which  is.  introduced  into  them,  and  from 
thence  diffuses  itself  over  the  whole  nation.  The  insulated  philoso* 
pher  may  resign  himself  without  fear  to  the  spirit  of  system ;  he  only 
bears  contradiction  at  a  distance ;  but  in  a  learned  society  the  shock 
of  systematic  opinions  at  length  destroys  them,  and  the  desire  of 
mutually  convincing  each  other  establishes  between  the  members  an 
agreement  only  to  admit  the  results  of  observation  and  calculation* 
Thus  experience  l|as  proved  that  since  the  origin  of  these  establish- 
ments  true  philosophy  has  been  generally  extended. 

By  setting  ^he  example  of  submitting  every  opinion  to  the  test  of 
severe  scrutiny,  they  have  destroyed  prejudices  which  had  so  long 
leigned  among  the  sciences,  and  in  which  the  highest  intellects  of 
the  fureceding  ages  had  participated.  Their  useful  influence  on 
opinion  accumulated  in  our  own  time,  with  an  enthusiasm  which  at 
other  periods  would  have  perpetuated  them.  Finally,  it  is  among 
tiiem,  or  by  the  encouragement  they  offer,  that  those  grand  theories 
have  been  formed  which  are  placed  above  the  reach  of  the  vulgar 
by  their  comprehensiveDess ;  and  which,  extending  themselves  by 
their  numerous  occasions  in  which  they  are  applicable,  to  nature 
and  to  the  arts,  are  mexhaustible  sources  of  delight  and  intelligence. 

Of  all  the  learned  societies,  the  two  most  celebrated  for  the 
number  and  importance  of  their  discoveries  in  the  sciences,  and 
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pirtieultriy  io  asU^onony,  are  the  Acadeny  i^Scmces  m  Ptm,  and 
the  Royal  Society  in  London. 

The  firet  was  created  in  1(566,  by  Loub  XIV.  who  foreMw  the 
histre  which  the  arts  and  sciences  were  to  dtffate  over  his  reign. 
This  monarchy  worthily  seconded  by  Colbert,  invited  many  learned 
strangers  to  fix  themselves  m  his  capital*  Huygcns  availed  him- 
self of  this  flattering  invitation;  he  published  his  admirable  work 
De  Horohgto  oscilUUorso,  in  the  bosom  of  the  academy,  of  which  ha 
was  one  of  the  first  members.  He  would  have  finished  his  days  hi 
Fiance,  had  it  not  been  for  the  disastrous  edid  which,  towards  the 
end  of  the  last  century,  deprived  it  of  so  many  valuable  cftiauis. 
Huygens,  departing  from  a  country  io  which  the  religion  of  his  an* 
'  cestors  was  proscribed,  retired  to  the  Hague,  where  he  was  bom 
the  t4th  of  April,  16^9,  and  died  there  the  15th  of  June,  1695. 

Dominic  Cassinl  was  likewise  induced  to  go  to  Paris  by  the 
oflers  of  Loub  XIV.  During  forty  years  of  usefol  labours,  he  en- 
riched  astronomy  with  a  crowd  of  discoveries :  such  are  the  theory 
of  the  satellites  of  Jupiter,  the  motions  of  which  he  determined 
from  observations  of  their  eclipses ;  the  discovery  of  the  four  satel* 
Utes  of  Saturn;  those. of  the  rotation  of  Jupiter,  of  the  bdts 
parallel  to  his  equator,  of  the  rotation  of  Mars,  of  the  zodiacal 
light,  a  very  approximate  knowledge  of  the  Son's  paraMax,-a  very 
•xact  table  of  refractions,  and,  above  all,  the  com[4ete  theory  of 
the  libration  of  the  Moon. 

The  great  number  of  astronomical  academicians  of  extraordfaiary 
merit,  and  the  limits  of  this  historical  abridgment,  da  not  permit 
me  to  give  an  account  of  their  labors;  1  shall  content  myself  with 
observing  that  the  appMcation  of  the  telescope  to  the  quadrant,  the 
mvention  of  the  mierometer  and  heUometer,  the  successive  propa- 
gation  of  light,  the  magnitude  of  the  earA,  its  dHptieity,  mid  the 
diminution  of  gravity  at  the  equator,  are  all  discoveries  due  to  the 
Academy  of  Sciences. 

Astronomy  does  not  owe  less  to  the  lUyal  Society  of  London, 
the  origin  of  which  is  a  few  years  anterior  to  that  of  the  Academy 
of  Sciences,  Among  the  astronomers  which  it  has  produced,  I 
•hall  cite  Flamstead,  one  of  the  greatest  observers  that  have  ever 
appeared.  Halley,  rendered  illustrious  l^  his  tevels,  undertaken 
for  the  advantage  of  science,  by  his  beautiful  Investigation  con- 
cerning comets,  which  enabled  him  to  discover  the  return  of  the 
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'kwnei  iu  1759*  and  by'tlie  nigettioiis  idea  of  employing  the  (ranstt 
of  Vemis  o?er  the  Sun,  in  the  determination  of  its  paraDax.  I 
Hhail  mention^  lastly,  Braclley»  the  model  for  observers^  and  who 
%tll  be  for  ever  celebrated  for  two  of  the  most  beaotifbl  diseoveries 
ever  made  in  astronomy*  the  aberration  of  the  fixed  stars,  and  the 
mutation  of  the  axis  of  the  earth. 

When  the  application  of  the  pendolum  to  elockft/and  of  teleseqies 
to  qoadrants,  had  rendered  the  sltghtest  ^ilnges  in  the  position  of 
the  celestial  bodies  perceptible  to  observers,  they  endeavoured  f# 
determine  the  annnal  parallax  of  the  fixed  stars ;  for  it  was  natiinil 
io  suppose;  that  so  great  an  extent  as  the  diameter  of  the  terrestrial 
<Mrbit,  would  be  sensible  even  at  the  distance  of  these  stars.  Ob« 
aerving  them  carefully,  at  ev^  season  of  the  year,  Acre  appeared 
alight  variations ;  sometimes  ^vorabte,  but  more  freq^entf y  co» 
Uaiy  to  the  efiects  of  parallax.  To  determine  the  law  Of  these 
■variations,  an  instrument  of  great  radius,  and  divided  with  extrtme 
precision,  was  requisite.  The  artist  who  executed  it,  deserves  to 
partake  of  the  glory  of  the  astronomer  who  owed  his  discovery  to 
liim»  Graham,  a  fkmous  English  watch-maker,  constructed  a 
great  sector,  with  which  Bradley  discovered  the  aberration  of  the 
fixed  stars,  in  the  year  If^T*  I'o  explaui  it,  this  great  astronomer 
conceived  the  fortunate  idea  of  combining  the  motion  of  the  earth 
with  that  of  light,  which  Roemer  had  discovered  at  the  end  of  the 
last  century,  by  means  of  the  eclipses  of  Jupiter's  satellites.  We 
are  surprised  that  none  of  the  distingidsh^d  philosophers  who  then 
exbted,  and  who  knew  the  motion  of  lights  should  have  paid  any 
attention  to- the  very  simple  effects  which  result  from  it,  in  the  ap- 
parent position  of  the  fixed  stars.  But,  the  human  mind,  so  active 
in  the  fbrmation  of  systems,  hasalioot  always  waited  till  observation 
and  experience  have  acquainted  it  with  important  truths,  which  its 
powers  of  reasoning  alone  might  have  discovered. 

It  is  thus  that  the  invention  of  telescopes  has  followed  by  more 
than  three  centuries  that  of  lenses,  and  even  then  was  only  owin^  to 
accident 

In  1745,  Bradley  discovered  by  observation,  the  nutation  of  the 
terrestrial  axis.  In  all  the  apparent  variations  of  the  fixed  stars,  ob- 
served  with  extraordinary  care,  he  perceived  nothuig  which  indi- 
cate^ a  perceptible  parallax.    The  measures  of  the  degrees  of  the 
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terrestrial  m^ridiMi^  and  of  the  peadulniBy  nmltipUed  in  dilSsMi 
parts  i^  the  globe,  of  which  France  gave  the  examplet  by  ineasiiru 
the  whole  arc  of  the  meridian,  which  crones  it,  and  by  sendii 
the  academician  to  the  north  and  to  the  eqnalor,  to  observe  tl 
magnitude  of  these  degrees,  and  the  intensity  of  the  force  of  gravit 
The  arc  of  the  meridian,  comprised  between  Dunkirk  and  Barcelon 
determined  by  very  precise  observations,  and  forming  the  base  < 
the  ttjost  natural  and  simple  system  of  measures;  the  voyag* 
midertaken  to  observe  the  two  transits  of  Venus  over  the  Sun*s  disl 
in  1761  and  1769,  and  the  esmct  knowledge  of  the  dimensions  of  tl 
solar  system,  which  has  been  derived  from  these  voyages ;  the  invei 
lion  of  achromatic  telescopes,  oi  chronometers,  of  the  sextant  ae 
vepeating  circle,  the  discovery  of  the  planet  Uranus,  by  Herschi 
la  1701 ;  that  of  its  satellites,  and  of  two  new  satelllte»  of  Saton 
due  to  the  same  observer,  all  the  astronomical  theories  beii^  brougl 
to  perfection,  and  all  the  celestial  phsenomena,  without  exceptioi 
being  referred  to  the  principle  of  universal  gravitation  ^— these,  wi( 
the  discoveries  of  Bradl^  are  the  principal  obligations  which  astri 
ttomy  owes  to  Englandr  which,,  with  the  preceding^  will  always  I: 
considered  as  constituting  the  most  glorious  epoch  of  the  science. 
[La  Flace,  Exposition  du  Systtme  du  Monde 


CHAPTER  IV, 

GEKEBAL  NOTtCES  ON  ASTBONOMT 

X  o  the  preceding  observations  of  La  Place,  the  Editor  of  tl 
present  work  has  thought  rights  to  subjoin  the  following  singula 
or  learned  opinions  of  several  of  the  most  esteemed  writers  on  tfa 
subject. 

Professor  Play&ir,  m  an  article  inserted  in  the  Edinburgh  Philosc 
phical  Transactions,  supports  the  very  high  pretensions  of  the  Bra 
mios  to  Astronomy,  and  conceives  that  they  are  in  possession  c 
some  observations  not  less  than  five  thousand  years  old.  Mr.  Cos 
tard,  in  a  paper  on  the  Chinese  Chronology  and  Astronomy,  print 
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%d  til  the  ;Tniiisactw>iis  of  the  Royal  Society  for  1747,  and  Mr. 
Bentley^  in  VolVI.  of  the  Asiatic  Researches,  ofier  cogent  arguments 
agakist  any  such  antiquity  of  Astronomical  knowledge  in  the  East : 
the  latter  indeed  goes  so  ^r  as  to  make  the  prmcipal  tables  of  the 
Bramins,  which  they  call  Suiya  Siddhanta,  not  more  than  about  733 
years  old. 

Newton  thinks  that  the  Constellations  were  arranged  by  Chiron 
when  the  sobtitial  and  equinoctial  points  were  in  the  middle  of  the 
respective  consteUations*    Phil.  Trans*  far  1 725. 

Mr.  Wall,  in  a  paper  on  astronomical  symbols,  printed  in  tlie 
Manchester  Memoir,  Vol.  I.  243,  derives  g  (M<»'cury),  from  the 
caduceos;  $  (Venus),  from  the  sbtrum ;  (J  (Mais),  from  the  shield 
and  spear;  i[^ (Jupiter),  fix>m  Jr,  the  contraction  or  first  and  last 
letters  of  the  word ;  fp  (Saturn),  from  the  sickle.  Frisch,  however, 
derives  %  from  lightning  with  the  eagle. 

Aleiumdre  and  Baiiaai  thought  the  Earth  revolved  around  the 
Moon.    Mafwn. 

In  the  account  of  GaiFs  Memoir  on  Synesius*s  Astrolabe,  Maps 
are  attributed  to  Anaximander  6OO  years  before  Christ.  M.  Inst. 
V.34. 

According  to  Plutarch,  Heraclides  and  Ecphantus  attributed  to 
the  Earth  a  diurnal  motion  only. 

Astronomy  was  introduced  into  Spain  by  the  Moors  in  1201. 

The  Mexicans  when  discovered  by  the  Spaniards  had  years  of  365 
days,  and  added  12  days  at  the  end  of  every  period  of  52  years. 
Bobmn.  Young's  iVo/./^AfA— Editor. 
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CHAPTER  V. 

THE  CELESTIAL  WORLD  discovered;  OR,  CONJ  ECTURE 

CONCERNING  THE  INHABITANTS,  PLANTS,  AND  PRC 

DUCTIONSi  OF  THE  WORLD  ll!¥  THE  PLANET9; 

Written  in  Latin  by  CnnnrrAinTs  Hutoews,  and  inscribed  to  bit  brofb^ 

CowTAwnwB  HiiT«Eim,  Utc  Secretary  tn  bis  Migerty  King:  WUKanu   8v< 

with  iTe  cots  of  Illostration. 

1  HB  ingenioRs  author  of  (his  discoarse,  haWng  spent  much  timf 
and  taken  great  (Kiins  in  making  celestial  observations  and  discovc 
ries  by  telescopes  of  the  largest  sizes,  and  other  instruments,  an 
having  moreover  acquainted  himself  with  the  latest  and  best  obsei 
vations  and  discoveries  made  by  other  modem  Astronomers ;  an< 
havbg  well  weighed  and  considered  tlie  import  and  significancy  o 
them,  comes  in  this  book  to  acquaint  his  brother  the  beer  Con^n 
tine  Huygens,  (who  was  also  a  great  lover  of  these  inquiries,  an< 
wbo  was  the  person  that  furnished  him  with  the  excellent  teleseope 
he  made  use  of,  wrought  with  his  own  hand,  wherein  be  had  for  hi 
dirersion  acquired  an  extraordbary  art  and  dexterity,  unknown  toan 
besides  himself)  and  by  the  publication  of  it,  if  he  thought  fit  tikewis 
to  acquaint  tlie  learned  world,  what  upon  theTeshlt  of  all|  bisofM 
nion  and  belief  was  concerning  the  form,  structure,  and  fabrick  o 
the  universe,  or  the  whole  visible  world>  and  the  reasons  and  argu 
ments  that  induced  bun  thereunto,  which  he  hopes  may  seen 
reasonable  enough  to  men  skilled  m  geometrical,'  and  astromical  sci 
ences;  such  as  he  wishes  his  readers  may  be.  But  because  he  wa 
well  aware  that  many  of  them  might  be  persons  of  differing  qualiti 
cations,  and  sueh  as  could  not,  or  would  not  understand  the  cogenc; 
of  them,  or  frpm  prepossession  would  endeavour  to  carp  at,  an< 
make  arguments  against  the  whole  doctrine  there  delivered,  there 
fore  he  endeavours  to  enumerate  and  obviate  such  as  are  most  likel; 
to  be  produced  for  that  end.  The  first  of  which  he  conceives,  ma; 
be  of  such  as  are  ignorant  of  mathematical  knowledge,  who  will  h 
apt  to  represent  it  as  a  wbtmsey  only  of  a  disturbed  brain,  the; 
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thinking  it  inpossible  to  incaiare,  or  any  wiie  to  be  ascertaioed  of 
the  magoitudes  and  distaocet  of  the  celestial  bodies;  and  as  to  the 
earth's  motions  they  look  on  tbem  as  fictions^  and  not  capable  of 
being  proved :  to  such  he  answers*  that  be  does  not  assert  those 
things  as  absolutely  demonstrated  but  rather  as  probable  conjectures^ 
tnd  that  be  leaves  every  one  free  to  judge  of  them  as  they  please. 
And  to  such  as  may  tliink  them  nae]t9$,  since  they  are  only  conjee* 
tural^  he  answers,  upon  the  same  acooui^  aU  other  physicd  know- 
ledge may  be  rejected*  suice  that  also  for  the  most  part  is  but  con* 
jectnial;  and  yet  we  know  the  studies  of  those  things  are  very  com* 
mendable,  and  afford  great  {Measure,  satisfiMtioa^  and  benefit^  even 
to  such  as  think  them  contradictory  to  holy  writ,  to  suppose  other 
worlds*  or  animals  then  those  of  the  earth ;  because  such  are  not 
mentioued  in  the  history  of  the  creation.  He  thinks  there  has  been 
enough  sakl  to  shew  that  the  description  of  the  creation  in  the 
BiUe,  was  only  with  relation  to  the  earth,  and  not  at  all  with  res- 
pect to  the  other  parts  of  the  worlds  then  what  where  here  visible.; 
nor  can  it  be  detrimental  to  religion,  but  wSl  be  rather,  as  he  con- 
ceives, a  means  to  make  men.lMnre  a  lesser  esteem  of  these  earthly 
things,  since  they  are  but  small,  with  respect  to  the  other  world* 
nnd  to  have  a  greater  veneration  and  adoration  of  that  wonderful 
wisdom  and  inrovidence  which  is  universally  displayed  through  the 
.whc^  ftbffick  of  the  universe.  As  to  the  form  and  disposition  of  the 
wholes  and  of  the  pairts  of  this  universe^  he  agrees  with  the  system 
of  Coperpicus;  for  tfie  better  explication  of  which  he  hath  added  two 
figures^  the  first  of  which  shows  their  order  and  positions*  and  the 
second  dieir  comparative  magnitudes.  And  because  by  reason  of 
the  smallness  of  these  figures^  the  true  proportions  could  not  be 
sufficiently  expnast,  be  has  added  a  particular  explicatioii,  expressing 
in  numbers,  the  distances  of  .their  orbs  from  the  sun  in  the  center* 
and  the  times  of  their  periods  in  them:  next  of  their  particular 
magnitudes  and  so  of  tbeir  proportions  to  each  other,  and  to  the 
body  of  the  sun.  And  since  it  hereby  appears  that  the  earth  is 
moved  abont  the  sun,  as  well  as  the  other  planets,  (which  all  the  best 
of  the  modem  astronomers  do  now  believe,  and  none  but  such  as 
are  of  a  more  doU  apprebesaioo,  or  are  otherwise  over  powered  by 
tbeur  superiors*  do  deqr»  or  make  any  scruple  positively  to  assert) 
and  tfaat  those  planets  are  miligbtened  by  the  sun  in  the  same  man* 
ner  as  the  eaitfi  is^  and  some  <tf  then^  as  f^  and](,have  their  own 
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moons,  or  secondary  planets  moving  abonttbem,  sometimes  edips* 
iug  them,  and  eclipsed  by  them,  as  the  earth  also  is  by  its  moon^ 
and  that  some  of  them  are  much  bigger,  as  well  as  some  others 
smaller  than  the  earth ;  and  so  that  the  magnitudes  are  not  propor* 
tioned,  either  according  to  their  order  or  their  dbtance ;  since  also 
they  are  observed  to  have  the  same  kinds  of  motion,  both  annual 
and  diurnal,  therefore  he  thinks  it  very  probable  that  they  do  re- 
semble  the  earth  also  in  other  qualifications ;  for  that  we  have  no 
argument  to  the  contrary  why  they  should  not,  nor  is  this  way  of 
reasoning  from  the  agreement  in  some  to  a  like  agreement  of  other 
precarious,  siuce  it  is  the  most  usual  method  of  discovering  the  in- 
sensible parts  of  the  world,  by  their  similitude  to  the  more  sensible, 
as  in  anatomy  we  judge  of  the  parts  of  a  creature,  by  the  simili- 
tude we  find  they  have  to  the  parts  of  some  other  before  known. 
Froto  this  topic  therefore  he  thinks  we  may  safely  conclude  that  the 
other  planela  have  solid  bodies,  and  gravity  towards  their  centers, 
as  the  earth  hath  since,  we  find  them  to  have  the  same  figure,  and 
the  same  motions,  and  the  same  concomitants,  and  that  they  have 
atmospheres  and  air,  and  water,  &c.     And  smcc  it  would  be  too 
great  a  depretiaiing  of  them,  and  a  too  much  overvaluing  of  the 
earth,  to  suppose  them  not  to  be  likewise  adorned  with  the  more 
admirable  productions  and  fabricks  of  plants,  and  animals,  which 
more  evidently  manifest  the  wisdom  and  design  of  the  divine  archi- 
tect, which  we  find  the  earth  to  be  enriched  and  beautified  with. 
But  to  suppose  them  only  lifeless  lumps  of  matter,  as  earth,  water, 
&c. ;  or  vast  deserts,  barren  mountains,  rocks,  &c.    This  he  says 
would  sink  them  too  much  below  the  earth  in  beauty  and  dignity, 
which  this  method  of  reasoning  will  in  no  wise  permit.    He  conceives 
therefore  we  must  snppose  and  believe  them  to  have  animals  as  well 
as  the  earth  j  and  so  of  necessity  plants  for  their  nourishment.  And 
these  possibly  not  much  different  from  those  we  have,  both  as  to 
tiieir  outward  form,  and  as  to  their  internal  structure,  and  as  to  their 
method  of  production,  or  propagation,  and  their  increase  or  growth. 
And  that  if  there  be  any  difference,  most  probably  it  must  arise 
from  the  differing  distances  of  those  globes  from  the  sun,  which  is 
more  likely  to  affect  the  matter  than  the  form.    Wherefore!  though 
we  cannot  be  ascertained  what  these  differences  are,  yet  we  may 
reasonably  conclude,  that  they  are  composed  of  solids  and  fluids; 
fox  that  Ae  production  and  outritioo  of  these  animals  must  be  mad« 
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hy  flttids ;  ftud  tbence  also  that  the  parts  of  them  for  motion  most  , 
he  somewhat  hke  those  of  terrestrial  aairoals ;  whether  beasts,  fishes^' 
birds,  or  insects*  that  is,  they  must  have  legs  finns,  wings,  6cc. 
Though  not  exactly  the  same  with  ours,  since  the  fluids  may  be 
more  various,  as  to  their  number,  and  as  to  thetr  density*  and  as 
to  their  rarefieiction  and  conglaciation,  some  of  tlies^  globes  being* 
mnch  farther  off,  and  somewhat  nearer  to  the  s«n,  and  its  powerfirt: 
rays.  And  so  the  fluids  of  T^  and  %  may  not  be  so  apt  to  be  fro^ 
jsen,  nor  those  of  $  and  $  ,  to  l>e  rarified  into  vapours,  neither  of 
which  would  destroy  the  form  aad  use  of  water  for  the  vegelatioB 
ofplants« 

And  because  though  we  should  allow  these  globes,  these  onia« 

ments  and  furniture,  yet  though  we  suppose  them  deprived  pf  the 

principal  production  and  master^ece  of  all,  and  for  whose  use 

and  benefit  all  the  rest  seem  to  be  made,  we  should  too  much  exalt 

and  over-value  this  globe  of  the  earth,  and  too  much  depreciate  all 

the  other.    Therefore  he  thinks  we  must  suppose  them  to  have  ra« 

tional  animals  also,  and  that  those  have  all  those  senses,  and  other 

necessary  organs  for  reasoning  that  men  have  here,  aud  that  they 

douse  them,  and  have  procured  thereby  the  same  advantages, and 

improvement  of  that  faculty,  that  m  the  like  cases  men  have  done 

here  upon  the  earth.    And  since  we  find  th^t  fir^  in  many  cases  is 

of  great  use,  he  thinks  that  we  must  suj^H)^  it  common  to  all  the 

other  globes  also.    But  to  judge  of  the  magnitude,  or  exact  shape 

of  those  animated  bodies  in  the  other  planets,  by  the  magnitude  of 

those  globes,  he  thinks  we  have  no  mediuni  to  direct  us,  since  we 

find  that  nature  does  not  restrain  itself  to  such  rules  of  measure  as 

might  seem  the  best  to  us.   But  since  the  prmdpai  use  of  reason^ 

which  be  supposes  to  be  the  same  as  here  seems  to  be  for  the  con* 

lemplatioa  of  the  works  of  the  Creator,  and  the  improvement  of 

arts  and  sciences,  he  conceives  that  tlMise  inhabitants  do  not  only 

contemplate  and  observe  the  stars,  but  that  they  have  also  made  an 

astronomy,  and  cultivated  such  arts  as  conduce  th^^unto  ;  as  those 

0f  geometry^  arithmetic,  optics,  Ac.  aud  that  of  writing,  by  which 

they  may  ngister  their  obtervati<ms  to  theur  posterity.  And  thence 

be  concludes  they  must  have  hands  and  legs,  or  snch  13ie  limbs,  and 

an  erect  face,  by  which  they  may  be  enabled  to  perform  such  actions 

as  are  necessary  for  those  purposes,  and  in  general  he  thinks  it  pro. 

bable  that  they  may  have  many  arts  and  sciences,  the  same  with 
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don,  though  ponibly  aot  all,  hutjet  ollien  instoad  th«vtof,  Ml  ktff 
\akmble.    Nor  would  they  smoi  lent  woaderful  and  pleaaaiit  to  U8» 
could  we  be  transported  thither  by  fome  powerful  feaius^  which  v 
since  be  despaui  of,  he  endeavoun  in  hit  second  book  to  give  us 
bis  judgnmit  eonceming  the  phssnomeoa  of  the  hea?ens»  what  they 
night  zpjpeHT  to  one  of  us  supposed  to  be  there  in  one  of  them^ 
which  he  founds  on  the  knowledge  we  now  have  of  them,  aslo 
nagoitude»  distance,  &e*     And  here,  after  he  has  censured  Father 
Kircfaer^s  Iter  Extaticum  (a  book  published  on  the  like  subject)  he 
begins  to  tell  what  must  be  the  phsBOomenaof  the  sun  and  plwets^ 
seen  in  $  » and  next  what  the  same  must  be  seen  in  Venus^  wluch 
since  with  a  sixty  foot  telescope,  and  all  his  diligence,  he  could  never 
discover  to  have  spots,  or  differently  illuminated  parts,  as  are  vkible 
in  Mars,  Jupiter^  and  Saturn.    He  coiyectures  that  the  refiectiott  of 
light  from  it  is  made  by  the  atmoq^here  about  it,  and  not  by  the 
lK>dy  itself.    Thirdly,  what  they  are  m  Mars,  which  he  makes  much 
less  than  Venus,  or  the  Earth,  th<Migh  without  a  moon,  and  fimther 
distant  from  the  sun.    And^  Fourthly,  what  in  Jupiter  and  Satrnm, 
which  so  vastly  exceed  all  the  other  three,  both  for  their  megni* 
tude,  and  for  tlieir  concomitants,  Jupiter  having  4^  and  Saturn  5^ 
.  together  with  a  ring,  whereas  the  Earth  has  but  one,  and  the  other 
three  none  at  all.    Upon,  explaining  the  phseoomena  of  these,  he 
more  largely  insists,  aiid  has  thereiu  summed  up  all  the  latest  i^id 
best  pbs^nom^na  that  have  been  observed  eonceming  them,  as  to  the 
five  nioons  about  T^,  though  he  confesseth  that  be  had  not  seen  the 
two  innermost  of  them»  yet  be  confides  in  the  observatieiM  of  Mon* 
sieur  Cassioi,  and  suspects  also  that  there  may  be  more  yet  disco« 
vered,  when  the  glasses  of  17Q  and  910  foot,  made  the  mort  bcoh 
rate  by  his  brother,  shall  come  to  be  ined  for  that  {mrpoee.    But 
what  to  determine  concerning  the  furniture^  or  natute  of  aU  these 
moons,  tliough  he  thinks  them  to  be  much  the  same  mth  that  ol 
our  moon.    Yet  as  he  conceives^  being  not  sufficiently  mformed  by 
observation,  that  the  moon  has  the  like  furniture  as  the  earth  has, 
be  is  at  a  stand,  and  knows  not  well  what  to  determine  coaeeming 
them.    He  grants  we  can  plainly  discover  that  tlie  moon  has  mwm* 
toins  and  valleys,  and  other  asperities  as  the  earth  has;  but  as  he 
conceives  there  are  no  seas  nor  rivers,  for  that  he  dunks  it  mem 
probable,  that  those  spots  which  others  have  supposed  seas,  are 
only  great  plains  of  a  darker  colour^  bis  reason  is»  for  that  thei«  itf# 
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4iv€i«iiieqtMMtiog  ta  lie  discovtred  lA  then  Urn  stmea^  in  otliec 
parte  of  ite  siuface,  and  from  thence  he  imagaies  there  can  be  im 
rivers,  and  consequently  no  water»  nor  any  atmosphere,  or  air; 
These  are  the  difficulties  which  perplex  him,  which,  if  he  could 
have  iemoved,  and  that  he  could  have  heen  assured  there  had  been 
wateiv  he  could  have  allowed  it  all  the  other  privileges,  and  with 
Xenophanes^  have  furnished  it  with  inhabitants,  cities,  &c.  But  as 
he  conceives  of  it,  he  can  neither  allow  it  to  have  aniuials^^o,  nor 
plants.  And  yet  at  last  he  says,  'tis  not  improbable  but  that  it  may 
have  piante  and  animals  too,  but  they  mittt  have  another  sort  <^ 
nourishment.  Now  by  this  censure  of  the  moon  he  has  passed  the 
same  upon  all  the  other  moons,  to  wit,  the  eoncdmitalits  of  i(  and 
i^,  which  he  jud^s  to  be  of  the  stfme  aatore,  and  to  expose  the 
same  part  always  towards  their  primary  pla^,  as  the  UMKm  does 
lo  the  earthy  by  a  phenomenon  of  one  of  the  moons  of  T^,  the  con- 
rideration  ^f  which  sumiested  to  him  that  the  phsBnomenacf  the 
heaveosmust  be  to  their  inhabitants,  if  they  could  have  any,  and 
for  all  the  rsit  gives  an  mstaace  of  those  of  the  moon.  Then  he 
proceeds  to  consider  the  sun  ted  the  fixed  stars,  promising  the  mag« 
of  the  solar  system;  this  he  does  by  words,  because 
( he  could  not  fender  them  large  enough  to  represent  the 
pfifnvtiosiate  magnitudes  of  the  otbs  to  the  minuteness  of  the  pie* 
nmry  IkKiies;  for  the  orb  of  Saturn  would  requhv  an  area  of  36o 
foot  in  tiismiptrr,  and  that  of  the  eaHh,  one  of  36  foot,  to  draw  them 
propofftioMite  to  the  globes,  fmr  the  orb  of  the  earth  is  12,000  times 
.  the  duMettHT  of  the  eaHh*s  baU.  And  consequently  the  distance 
of  th«  earth  fiom  the  sun  will  be  above  IffiOO  of  17>000,000  of 
Gietwun  milei*  To  make  the  vastness  of  these  dutances  the  mor^ 
ootMMMble,  he  eoraputes  them  by  the  tilnes  that  a  cannon^bullet 
(supposed  to  pass  a  htmdred  fathom  in  a  second  of  time)  would 
spcvd  in  passing  thote  spaces,  whence  he  concludes  it  would  be  25 
yearapflisfeingio  the  son  ftom  the  earth,  125  from  l(, and  ^50  from  T^. 
Ilitn  he  proceeds  to  consider  the  body  of  the  sun,  where  be  is 
mnfimV,  as  about  the  moon;  for  he  is  not  satisfied  whether  it  be 
a  solid,  <or  fluid  body,  but  he  inclines  to  think  it  a  fluk).  Next, 
he  knoivs  not  ^at  to  think  of  animals,  or  vegetables  m  it,  since 
tfrnte  ein  'h€  nothing  like  any  thing  we  know,  by  reason  of  the  coo* 
tkual  fire  and  heat,  which  would  consume  all  such  as  we  liave  here* 
He  fUnhr  tbd^ftMPe  It  might  bte  Made  foflhe  iUumifmling  and  en« 
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livening  of  the  parts  of  the  other  planets.    And  as  for  the  fiiied 
stars,  he  conches  them  to  be  so  many  suns,  and  to  be  dispersed 
in  the  vast  expansum  of  heaven,  at  varioas  distances*  and  each  of 
them  to  have  a  proper  system,  and  planets  moved  abont  them* 
And  though  it  be  impossible  for  us  ever  to  see  those  planets,  by 
reason  of  their  vast  distance,  yet  from  the  analogy  that  is  between 
the  sun  and  stars,  we  may  judge  of  the  planetary  systems  about 
tiiem,  and  of  the  planets  themselves  too,  which  probably  are  like 
the  planetary  bodies  about  the  sun,  (that  is)  that  they  have  planets 
and  animals,  nay,  and  rational  ones  too,  as  great  adnnrers  and 
observers  of  the  heavens  as  any  on  the  earth*    This  represents  to 
us  a  wonderful  scheme  of  the  prodigious  vastness  of  the  heavens; 
so  tiiat  the  distance  between  the  earth  and  the  sun,  though  of  17 
millions  of  German  miles,  is  almost  nothing  to  the  distance  of  m 
fixed  star. .  And  because  of  the  diffioidty  in  making  observations  for 
this  purpose,  in  the  common  ways,  he  therefore  proposes  a  new 
method  of  his  own  for  this  purpose,  which  he  also  exphmis,  and 
by  that  one  may  the  better  conceive  the  vastness  of  the  distance  of 
one  of  the  nearest,  as  for  instance,  from  the  sun;  which  by  this 
way  he  proves  to  be  27,664  tunes  the  distance  of  the  sun  from  tfa« 
earth;  and  to  make  this  distance  yet  more  comprehensible,  he 
makes  use  of  the  former  explication,  by  the  time  that  a  camioo. 
bullet  moved  as  swift,  as  hath  been  just  now  explained.    Where* 
fore  multiplying  27664  by  25,  he  finds  that  a  cannon-bullet,  mov« 
ing  a  hundred  fathom  in  a  second,  would  be  700,000  years  in  its 
journey  betwixt  us  and  the  fixed  stars;  here  by  the  way  he  makes 
some  reflections  on  Des  Cariesa's  ybrtices,  and  «q>lains  bis  own 
sentiments  concerning  the  present  state  of  the  universe,  nor  will  he 
trouble  his  mind  about  their  beginning,  or  how  made,  as  knowuig 
it  to  be  out  of  the  reach  of  human  knowledge  or  conjecture. 

Upon  the  whole  matter  you  will  here  find  the  ingmous  author's 
Opinion,  concerning  the  universe,  with  all  the  ai^uments  for  it, 
drawn  from  the  most  accurate  observations  that  have  been  hitherto 
made  that  are  pertinent  thereunto.  The  only  failure  seems  to 
some  to  be  m  his  opinion  concemmg  the  moon  and  secondary 
planets.  Upon  which  subject  there  may  perhaps  be  shorUy  pub- 
lished  a  brief  discourse  of  one  who  is  of  a  somewhat  diffisring 

sentiment. 

IFrom  the  iransUUion  adapted  lythe  Royal  Sodety,  lC99 1 
andprinted  in  the  PhiU  Trans,  for  the  same  year.'] 
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CHAPTER  VI. 

ON  THE  NATURE  AND  CONSTRUCTION  OF  THE  SUN  AND 
FIXED  STARS.. 


Among  the  cckatia!  bodies,  the  sun  is  certaiolj  the  first  wktcb 
should  attract  our  notice.  It  is  a  focmtaiu  of  light  thitf  iHimfaiates 
the  world !  it  is  the  cause  of  that  heat  whidi  maiirtaiDs  the  pro- 
ductive power  of  nature,  and  makes  the  earth  a  fit  habkatlon  for 
man!  it  is  the  central  body  of  the  planetary  system;  and  what 
renders  a  knowledge  of  its  nature  still  more  interesting  to  us  is,  that 
the  numberless  stars  which  Compose  the  nniverse,  a|q[iear,  by  the 
strictest  analogy,  to  be  similar  bodies.  Their  innate  light  is  so  in- 
tense, that  it  reaches  the  eye  of  the  observer  from  the  remotest  re- 
gions of  space,  and  forcibly  claims  bis  notice.  Now,  if  we  aM 
convinced  that  an  inquiry  into  the  nature  and  properties  of  the  sua 
i»  highly  worthy  of  our  notice,  we  may  also  with  great  satisfaction 
reflect  on  the  considerable  progress  that  has  already  beto  made  in 
our  knowledge  of  thb  eminent  body.  It  would  require  a  long  de- 
tail to  enumerate  all  the  various  discoveries  which  have  been  made 
on  this  subject;  I  shall  therefore  content  myself  with  giving  only  the 
most  remarkable  of  them. 

Sir  Isaac  Newton  has  shown  that  the  sun,  by  its  attractive  power» 
retains  the  planets  of  our  system  in  their  orbits.  He  has  also 
pointed  out  the  method  by  which  the  quantity  of  matter  it  contains 
way  be  accurately  determmed.  Dr.  Bradley  has  assigned  the  vo- 
lodty  of  the  solar  light  with  a  degreie  of  precision  exceeding  our 
utmost  expectation.  Qalileo«  Scheiner,  Hevelius,  Cassini,  and 
others,  have  ascertained  the  rotation  of  the  sUn  on  its  axis,  and  de- 
termined the  position  of  its  equator.  By  means  of  the  transit  of 
Venus  over  the  sun's  disc,  mathematicians  have  calculated  its  di^* 
tance  from  the  earth ;  its  real  diameter  and  magnitude ;  the  den- 
sity of  the  matter  of  which  it  is  composed;  and  the  fail  of  heavy 
tKKlies  on  its  surface.  From  the  particulars  here  enumerated,  it  is 
obvious  that  we  have  ahready  a  very  dear  idea  of  the  vast  import- 
toe^^  and  powerful  influence  of  die  Mm,  on  its  planetary  system^. 
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And  if  we  add  to  this  the  beneficcot  effects  we  feel  oo  this  globe 
from  the  difiusion  of  the  solar  rays ;  and  consider  that,  by  well 
traced  aoalogies,  the  same  effects  have  been  proved  to  take  place 
OQ  other  planets  in  this  system ;  I  should  not  wonder  if  we  were 
hduced  to  think  that  nothing  remained  to  be  added  in  order  to 
complete  our  knowledge:  and  yet  it  will  not  be  difficult  to  show 
that  we  are  still  very  ignorant,  at  least  with  regard  to  the  mtemal 
construction  of  the  sun.  The  various  conjecturesy  which  have  been 
formed  on  this  subject,  are  evident  mailLS  of  the  uncertainty  undei 
which  we  have  hitherto  laboured. 

The  dark  spots  in  the  sun,  for  mstance,  have  been  supposed  to  b< 
solid  bodies  revolving  very  near  its  swfrce.  They  have  been  con. 
jectured  to  be  the  smoke  of  vokanos,  or  the  scum  floating  on  » 
f>oeao  of  fluid  matter.  They  have  also  been  taken  for  douds 
They  were  explained  to  be  opaque  masses,  swimming  in  the  fluiQ 
inatter  of  the  sun;  dipping  down  occasionally.  It  has  been  sup 
posed  tlmt  a  flery  Uquid  surrounded  the  sun,  and  that  by  its  ebbki| 
and  flowing,  the  highest  pats  of  it  were  occaskmally  uncovered,  anc 
appeared  under  the  shape  of  dark  spots ;  and  that,  by  the  return  o 
Ibis  flery  liquid,  they  were  again  covered,  and  in  that  manner  sue 
eesrivety  Msumed  difiercnt  phases.  The  sun  itsdf  has  be^  calle< 
a  globe  of  fire,  though  perhaps  meta^rically.  The  waste  it  wouh 
undergo  by  a  gradual  consumption,  on  the  supposition  of  its  beiu] 
f]^ited,  has  been  ingeniously  calculated.  And  in  the  same  pomt  c 
view,  its  immense  power  of  heating  the  bodies  of  sudi  comets  s 
draw  very  near  to  it  has  been  as»gtted. 

The  bright  spots,  or  iaculse,  have  been  caHed  clouds  of  lights  an 
luminous  vapours.  The  light  of  the  sun  its^  has  been  suppose 
to  be  directly  invisible,  and  not  to  be  perceived  unless  by  reflectbn 
though  the  proofs,  which  are  brought  in  support  of  that  opinio] 
seem  to  amount  to  no  more  than  what  is  sufficiently  evident,  tht 
we  cannot  see  when  rays  of  light  do  not  enter  the  eye.  But 
is  time  to  profit  by  the  many  valuable  observations  that  we  arc  no 
In  possession  of.  A  list  of  succesnve  emin«it  astronomers  may  I 
named,  from  Galileo  down  to  the  present  time,  who  have  furnish< 
us  with  materials  for  examinatioB. 

In  supporting  the  ideas  proposed  m  thfa  paper,  with  regard  to  tl 
physical  construction  of  the  sun,  I  have  avafled  myself  of  the  labou 
of  all  these  astronomers,  birt  have  been  induced  to  this  only  by  » 
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own  actaal  dbsem^iM  of  tke  solar  pbsBOOnisnt ;  which*  boidef 
Terifying  thoae  particulars  that  had  been  ahready  observed^  gam 
me  such  vkws  of  the  solar  regions  as  led  to  the  fouodatioo  of  a 
very  ratioml  system.  For,  having  the  advaitt^e  of  former  obseri 
vatioDs,  my  hitest  reviews  of  the  body  of  the  sun  were  immediatdy 
directed  to  tlie  most  esseirtial  pohits;  and  the  work  was  by  thk 
means  fadiitated,  and  contracted  into  a  imtty  naitow  compass; 
The  following  is  a  short  extract  of  my  observations  on  the  sui^ 
to  which  I  have  joined  the  consequenees  1  now  believe  myself  en^ 
'titled  to  draw  from  them.  When  all  the  reasonings  <m  the  several 
l^iSBnomena  are  put  together*  and  a  few  additional  arguments*  taken 
from  analogy,  whkh  I  shaU  also  add^  are  properly  considered,  it 
will  be  found  that  a  general  conclusion  may  be  tnade  Which  seems 
to  throw  a  considerable  light  on  our  present  subject. 

In  the  year  Iff 9,  there  was  on  the  stm  a  spot  large  enough  to  foe 
seen  with  the  naked  eye.  By  a  view  of  it  with  a  seven^feet  re- 
flector, charged  with  a  very  high  pewer^  it  appeared  to  be  divided 
into  two  parts.  The  larger  of  them,  on  the  l^th  of  Aprils  measnred 
1 '  6"j06  ki  diameter ;  which  is  equal  in  length  to  more  than  thirty-^me 
thousand  miles.  Both  together  must  certamly  have  extended  above 
My  thousand.  The  idea  of  its  being  occasioned  by  a  volcanic 
explosion,  violentfy  driving  away  a  iiery  fluid,  which  on  its  return 
would  gradually  fill  up  the  vacancy,  and  thus  restore  the  sun  in 
that  place  to  its  former  splendour,  ought  to  be  rejected  on  many 
accounts.  To  mention  only  one,  (he  great  extent  of  the  spot  i& 
veiy  uniavoutable  to  that  supposition.  Indeed  a  much  less  violent 
and  less  pemidous  cause  may  be  assigned,  to  account  for  all  the  ap- 
pearances of  the  4>ot.  When  we  see  a  dark  belt  near  the  equator 
of  the  phinet  Jupiter,  we  do  not  recur  to  earthquakes  and  volcanos 
^  its  origku  An  atmosphere,  with  its  natural  changes,  will  ex« 
pfaua  such  belts.  Our  spot  m  the  sun  may  be  accounted  for  on  the 
aamo  principles.  The  earth  is  surrounded  by  an  atmosphere,  com« 
posed  of  various  elastic  fluids.  The  sun  also  has  its  atmosphere, 
and  if  some  of  the  flokls  which  enter  into  its  composition  should  be 
of  a  shiokig  brflliancy,  in  the  manner  that  will  be  explained  here- 
after, while  others  are  merely  transparent,  any  temporary  cause 
which  may  remove  tiie  Inckl  fluid  will  permit  us  to  see  the  body  of 
the  sun  through  the  transparent  ones.  If  an  observer  were  placed 
on  the  moon,  be  would  sea  the  solid  body  of  our  earth  only  in  those 
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places  where  the  tnuMpaieat  flokit  of  oor  atmotpbeie  #oald  pei« 
nit  him.  In  others,  the  opaque  vapours  would  reflect  the  light  of 
the  son,  without  pennkting  his  view  to  penetrate  to  the  surface  of 
our  globe.  He  would  probably  also  find  that  our  planet  had  oc« 
casiooally  some  shining  fluids  in  its  atmosphere ;  as^  not  unUkelj» 
some  of  our  northern  lights  might  not  escape  his  notice,  if  they  hap» 
ptned  in  the  unenlightened  part  of  the  earth,  and  were  seea  1^  him 
in  his  long  dark  night.  Nay,  we  have  pretty  good  reason  to  he* 
lieve,  that  probably  all  the  planetf  emit  l^;ht  in  some  degree;  for 
the  illumination  which  remains  on  the  moon  in  a  total  eclipse  cannot 
be  entirely  ascribed  to  the  light  which  may  reach  it  by  the  refradioa 
of  the  earth's  atmosphere.  For  instance^  in  the  eclipse  of  the  moon, 
which  happened  October  22,  I7g0,  the  rays  of  the  sun  refracted 
by  the  atmosphere  of  the  earth  towards  the  moon,  admitting  the 
mean  horiaontal  refiraciion  to  be  30'  SO"^  would  meet  in  a  focus 
above  189  thousand  miles  beyond  the  moon ;  so  that  consequeirtly 
there  could  be  no  illumination  from  rays  refracted  by  our  atmos* 
qphere.  It  is  however  not  improbable,  that  about  the  polar  regions 
of  the  earth  there  may  be  refraction  enough  to  bring  some  of  the 
jolair  rays  to  a  shorter  focus.  The  distance  of  the  moon  at  the 
time  of  the  eclipse  would  require  a  refraction  of  54'  6",  equal  to  ks 
hongaotal  parallax  at  that  time,  to  bring  them  to  a  focus  so  as  to 
throw  light  on  the  moon. 

The  unenlightened  part  of  the  planet  Venus  has  also  been  seen  l^ 
different  persons,  and,  not  having  a  satellite,  those  regions  that  are 
turned  from  the  sun  cannot  possibly  shine  by  a  borrowed  light  $  so 
that  this  feint  illumination  must  denote  some  phosphoric  quality,  of 
the  atmosphere  of  Venus.  In  the  instance  of  our  large  spot  on  the 
sun,  I  concluded  from  appearances,  that  I  viewed  the  real  solid 
body  of  the  sun  itself,  of  which  we  rarely  see  more  than  its  shining 
asmosphere.  In  the  year  17S3,  I  observed  a  fine  laige  spot,  and 
followed  it  up  to  the  edge  of  the  sun*s  limb.  Here  I  took  notice 
that  the  spot  was  plainly  depressed  below  the  surface  of  the  sun ; 
and  that  it  bad  very  broad  shelving  sides.  I  also  suspected  some 
part  at  least  of  the  shelving  sides  to  be  elevated  above  the  surface 
of  the  sun;  and  observed  that,  contrary  to  wbat.usui^ly  happens, 
the  margin  of  that  side  of  the  spot,  which  was  farthest  from  the 
limb,  was  the  broadest. 

The  luminous  sheWing  sides  of  a  spot  may  be  explained  by  a 
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gentle  and  gnufaal  removal  of  the  shimag  fluidk  which  permils  as 
to  see  the  globe  of  the  sun.  As  to  the  uncommon  appearance  of 
the  broadest  margin  being  on  that  side  of  the  spot  which  was 
farthest  from  the  limb  when  the  spot  came  near  the  edge  of  it»  we 
may  surmise  that  the  sun  has  inequalities  on  its  surface,  which  may 
possibly  be  the  cause  of  it.  For  when  mountainous  countries  are 
exposed,  if  it  should  chance  that  the  highest  parts  of  the  landscape 
are  situated  so  as  to  be  near  that  side  of  the  margin,  or  penumbra 
of  the  spot,  which  is  towards  the  limb,  it  may  partly  intercept  our 
view  of  it,  when  the  spot  is  seen  very  obliquely.  This  would  re^ 
quire  elevs^ns  at  least  5  or  6  hundred  miles  high;  but  considering 
the  great  attraction  exerted  by  the  sun  on  bodies  at  its  surface,  and 
the  slow  revolntion  it  has  on  its  axis,  we  may  readily  admit  in* 
equalities  to  that  amount.  From  the  centrifugal  force  at  the  sun's 
equator,  and  the  weight  of  bodies  at  its  surface,  I  compute  that 
the  power  of  throwing  down  a  mountain  by  the  exertion  of  the 
former,  balanced  by  the  superior  force  of  keeping  it  in  its  situation 
of  the  latter,  is  near  6f  time  less  on  the  sun,  than  on  our  equatorial 
regions :  and  as  an  elevation  similar  to  one  of  three  miles  on  the 
earth  would  not  be  less  than  334  mUes  on  the  sun,  there  can  be  no 
doubt  but  that  a  mountain  much  higher  would  stand  very  firmly. 
The  little  density  of  the  solar  body  seems  also  to  be  in  favor  of  the 
height  of  its  mountains;  for,  cseteris  paribus,  dense  bodies  will 
sooner  come  to  their  level  than  rare  ones.  The  difference  in  the 
vanishmg  of  the  shelving  side,  instead  of  explaining  it  by  mountains^ 
may  also,  and  perhaps  more  satifectorily,  be  accounted  from  the 
real  difierence  of  the  extent,  the  arrangement,  the  height,  and  the 
intensity  of  the  shining  fluid,  added  to  the  occasional  dianges  that 
may  happen  m  these  particulars,  during  the  time  in  which  the  spot 
iqpproaches  to  the  edge  of  the  disc.  However,  by  admitting  large 
mountains  on  the  surface  of  the  sun;  we  shall  account  for  the  di& 
ferent  opmions  of  two  eminent  astronomers ;  one  of  whom  believed 
the  spots  depressed  below  the  sun,  while  the  other  supposed  them 
elevated  above  it.  For  it  is  not  improbable  that  some  of  the  solar 
mountains  may  be  high  enough  occasionally  to  project  above  the 
shming  elastic  fluid,  when,  by  some  agitation  or  other  cause,  it  is 
not  of  the  usual  height;  and  this  opinion  is  much  strengthened  by 
the  return  of  some  remarkable  spots,  which  served  Cassini  to  as- 
certam  the  period  of  the  sun*s  rotation,    A  very  high  country,  or 
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m^nh  of  mountaios,  may  oftener  become  TisiMe,  by  the  remoral 
the  obstrneting  fluid,  than  the  lower  regions^  oo  account  of  its  n 
being  so  deeply  covered  with  it. 

In  the  year  179I9  I  examined  a  hirge  apot  in  the  sun,  and  foui 
St  evidently  depressed  below  the  lerel  of  the  snrftce  $  about  the  da 
part  was  a  broad  margin,  or  plane  of  considerable  extent,  less  brig 
than  the  sun,  .and  also  lower  than  its  snHace.  This  plane  seemed 
Hse,  with  shelving  sides,  up  to  the  place  where  it  joined  the  level 
the  surface.  In  confirmation  of  tliese  appearances,  I  carefully  i 
marked  that  the  disc  of  the  sun  was  visibly  convex ;  and  the  reas 
of  my  attention  to  this  particular,  was  my  being  already  long  j 
quainted  with  a  certain  optical  deception,  that  takes  place  now  a 
"dien  when  we  view  the  moon;  which  is^  that  all  the  elevated  sp< 
on  its  surface  will  seem  to  be  cavities,  and  all  cavities  will  assui 
the  shape  of  mountains.  But  then,  at  the  same  time  the  mo< 
Instead  of  having  the  convex  appearance  of  a  globe,  will  seem 
be  a  large  concave  portion  of  a  hollow  sphere.  As  soon  as,  by  i 
force  of  imagination,  you  drive  away  the  fallacious  appearance 
a  concave  moon,  you  restore  the  moontains  to  their  protiiberan 
and  sink  the  cavities  again  below  the  level  of  tlie  sorface.  Nc 
wlien  I  saw  the  spot  lower  than  the  shuiing  matter  of  the  sun,  a 
an  extended  plane,  also  depressed,  with  shelving  sides  rising  up 
the  level,  I  also  found  that  the  sun  was  convex,  and  appeared  in 
natural  globular  state.  Hence  1  conclude  that  diere  could  be 
'deception  in  those  appearances. 

How  very  ill  would  this  observation  agree  with  the  ideas  of  sc 
bodies  bobbing  up  and  down  in  a  fiery  liquid?  with  the  smoke 
Vokanos,  or  scum  on  an  ocean  1  And  how  easily  it  b  explai] 
on^  the  foregoing  theory.  The  removal  of  the  shining  atmosph< 
which  permits  us  to  see  the  sun,  must  naturally  be  attended  wit 
gradual  diminution  on  its  borders ;  an  instance  of  a  similar  kind 
'hav«  daily  before  us,  when  through  the  opening  of  a  cloud  we 
the  sky,  which  generally  is  attended  by  a  surrounding  haziness 
some  short  extent ;  and  seldom  transits,  from  a  perfect  clearn 
at  once  to  the  greatest  obscurity. 

August  ?6,  1792, 1  examined  the  sun  with  several  powers,  f 
90  to  500.  It  appeared  evidently  that  the  black  spots  are 
opaque  ground,  or  body  of  the  sun;  and  that  the  luminous  pa 
an  atmosphere,  whkb>  being  interrupted  or  broken>  gives  t 
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Iranaietit  gliiapse  of  the  sun  itself.  The  J^ket  reflector,  which  was 
4B  high  perfectioii,  represented  the  spots,  as  it  always  used  to  do, 
much  depressed  helow  the  surface  of  the  luminous  part.  Sept. 
2f  179^  I  saw  two  spots  in  the  sun  with  the  naked  eye.  In  the  te- 
leacope  I  found  they  were  clusters  of  spots,  with  many  scattered 
oiies  besides.  Every  one  of  them  was  certainly  below  the  surface 
of  the  luminous  disc.  Sept.  8»  17^,  having  made  a  smalt  specu* 
lum,  merely  brought  to  a  perfect  figure  on  bones»  without  polish, 
I  found,  that  by  stifling  a  great  part  of  the  solar  rays,  the  object 
speculum  would  bear  a  greater  aperture  ;  and  thus  enabled  me  to 
see  with  more  comfort,  and  less  danger.  The  surface  of  the  sua 
was  unequal ;  many  parts  of  it  being  elevated,  and  others  depress- 
ed. This  b  here  to  be  understood  of  the  shining  fiurface  only,  as 
the  real  body  of  the  sun  can  probably  be  seldom  seen,  otherwise 
than  in  its  black  spots*  It  may  not  be  impossible,  as  light  as  a 
transparent  fluid,^  that  the  sun's  real  sur^ce  also  may  now  and  then 
be  perceived ;  as  we  see  the  shape  of  the  wick  of  a  candle  through 
its  flame,  or  the  contents  of  a  furnace  in  the  midst  of  the  brightest 
glare  of  it ;  but  this  1  should  suppose  will  only  happen  where  the 
lucid  matter  of  the  sun  is  not  very  accumulated. 

Sept.  9,  179^9  I  found  one  of  the  dark  spots  in  the  sun  drawn 
pretty  near  the  preceding  edge.  In  its  neighbourhood  I  saw  a  great 
number  of  elevated  bright  places,  making  various  figures :  I  shall 
call  them  fiusulae,  with  Hevelius ;  but  without  assigning  to  this  term 
any  other  meaning  than  what  it  will  hereafter  appear  ought  to  be 
givea  to  it.  I  saw  these  faculae  extended,  on  the  preceding  side, 
over  about  i  part  of  the  sun;  but  so  £aur  from  resembling  torches, 
they  appeared  like  the  dirivelled  elevatu>ns  on  a  dried  apple,  ex- 
tended in  length,  and  most  of  them  jomed  together,  making  waves, 
or  waving  lines.  By  some  good  views  in  the  afternoon,  I  found 
that  the  rest  of  the  suriace  of  the  sun  does  not  contain  any  faculse, 
except  a  few  on  the  foUowmg,  and  equatorial  part  of  the  sun. 
Towards  the  north  and  south  I  saw  no  faculae ;  there  was  all  over 
the  sun  a  great  upevenness  in  the  surface,  which  had  the  appearance 
of  a  mixture  of  small  poinU  of  an  unequal  light ;  but  they  are  evi« 
4ently  an  uneveuness  or  roughness  of  high  and  low  parts. 

Sept.  11, 1792,  the  faculae  in  the  preceding  part  of  the  sun,  were 
much  gone  out  of  the  disc,  aud  those  m  the  following  come  on. 
A  dark  spot  also  was  come  on  with  them.    Sept.  i3, 179^/  there 
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were  a  great  number  of  facalse  on  die  equatorial  part  of  tbe  mm, 
towards  the  preceding  kad  following  parts.  There  were  none  to- 
wards the  poles ;  but  a  roughness  was  visible  every  where.  Sept. 
16^  179^>  the  sun  contained  many  large  fticultfe,  on  tbe  follo^^iitg 
side  of  its  equator^  and  also  ^veral  on  tbe  preceding  side.  Bill 
none  about  tbe  poles.  They  seemed  generally  to  accompany  tbe 
spots,  and  probably^  as  the  faculae  certainly  were  elevktiobs,  a 
great  number  of  tliem  may  occasion  neighbouring  depressions^  that 
is^  dark  spots. 

The  faculae  being  elevations^  very  satisfactorily  expHiins  tlie  rea* 
son  why  they  disappeat  towards  tbe  middle  of  the  sun>  and  re-ap- 
pear on  the  other  margin ;  for^  about  tbe  place  where  we  lose  them, 
they  begin  to  be  edge-ways  to  our  view ;  ahd  if  between  the  facaltt 
should  lie  dark  spots,  they  will  most  frt^uently  break  out  in  tbe 
middle  of  tbe  sun,  because  they  ave  no  longer  covered  by  die  nde 
views  of  these  faciilae-r 

Sept.  22,  1792,  tberewere  not  maoyfacubem  the  snn,  and  bnt 
few  spots ;  the  whole  disc  however  was  very  much  marked  witb 
roughness,  like  an  orange.  Some  of  tbe  lowest  parts  of  the  inequa- 
lities were  blackish.  Sept.  23, 179^,  tbe  folio  wing  side  of  the  sun 
contained  many  faculse,  near  the  limb.  They  io6k  up  an  arch  of 
about  SO^,  There  were  bkevirise  some  oti  the  preceding  side.  The 
nort6  and  south  rough  as  usual;  but  differently  disposed.  The 
faculse  were  ridges  of  elevations  above  tbe  rough  suv^ce.  Feb.  m, 
1794>  by  an  experiment  just  then  tried,  I  (bund  k  cwifirmed  that 
the  sun  cannot  be  so  distinctly  viiewed  with  «  small  aperfute  a^d 
faint  darkenmg  glasses,  a^  ^ith  a  large  aperfDMie  a^  tftronger 
ones ;  this  latter  is  the  method  I  always  IM«.  Oiie  of  the  Mack 
stops  on  the  precedinig  margm,  which  wa^  greatly  below  tbe  sur- 
face of  the  sun,  had  isext  to  h  a  protubehint  hmap  of  sbinnig 
matter,  a  little  brighter  thkn  the  rest  «f  the  ^n.  About  all  the 
spots  die  shining  matter  seetned  to  have  b^«&  disturbed;  tod  wa» 
uneven,  lumpy,  and  zig-zagged  in  an  irreguUir  mantier.  I  cadi  &e 
spots  black,  not  that  they  are  entirely  so,  but  oieerly  to  distinguM» 
them;  for  there  \vas  not  one  of  diiite  whidh  was  not  partly,  Or  en- 
tirely,  covered  over  with  whitish  and  unequally  bright  bebnlosity^ 
or  cloudiness.  This,  in  many  of 'them,  comes  nelur  to  ab  exthictioB 
of  the  spot ;  and  hi  othcfrs  seems  to  bring  on  a  sabdivbkin. 
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,  iSept  28,  1794*  there  was  a  4ark  «pot  in  the  sun  on  the  folk)W« 
tiig  side.    It  was  cel-tainiy  depressed  below  the  shining  atmospheff^ 
and  had  shelving  sides  of  shining  matter,  which  rose  up  higher  than 
the  general  surface,  and  were  brightest  at  the  top.    The  preced- 
ing shelving  side  was  rendered  almost  invisible,  by  the  overlianging 
of  the  preceding  elevations;  whi)e  the  fbllowiiig  was  very  welt  ex- 
posed :  the  spot  being  apparently  such  in  figure  as  denotes  a  eireu- 
lar  form,  viewed  in  an  oblique  direction*     Near  the  following 
margin  were  many  bright  elevations,   close  to  visible  depressions* 
The  depressed  parts  less  bright  than  the  common  sur^uie.    The 
penumbra,  as  it  b  called,  about  this  spot,  was  a  coosideiable  plane, 
of  less  brightness  thau  tlie  common  sur&ce,  and  seemed  to  be  as 
much  depressed  below  that  surface  as  the  spot  was  below  the 
plane.    Hence,  if  the  brighness  of  the  sun  is  occasioned  by  the 
lucid  atmosphere,  the  intensity  of  the  bri^tness  must  be  less  wh^e 
it  is  depressed  ;  for  light,  being  transparent,  must  be  the  more  in- 
tense  the  more  it  is  deep. 

Oct.  12,  1794*,  the  whole  surface  of  the  sun  was  diversi6ed  by 
inequality  in  the  elevation  of  the  shining  atmosphere.    The  lowest 
jparts  were  every  where  darkest ;  and  every  little  pit  had  the  ap^ 
pearance  of  a  more  or  less  dark  spot*    A  dark  spot,  on  the  pr6- 
.  ceding  side,  was  surrounded  by  very  great  inequalities  ta  the  eleva. 
tion  of  the  lucid  atmosphere ;  and  its  dej^ession  below  the  same 
was  founded  by  an  immediate  rising  of  very  bright  light.     Oct. 
13, 1794,  the  spot  in  the  sun  obaorved  yesterday  was  drawn  so  near 
the  margiB>  that  the  elevated  side  of  the  foUowing  partofitiiid 
sil  the  bhick  ground,  and  still  left  the  eavi^  visiblet  so  tlmt  the  fiU- 
.  pression  ef  the  bhiok  spotfi^  aud  the  elevation  ef  the  faieuisB,  weie 
equa^  evident* 

It  will  now  be  eaif  to  bring  the  resuH  ef  these  obs^ivKtioiis  ivlo 
.a  very  nfurrow  compass.    That  (he  aun  has  a  very  extensive  at- 
mosphere cannot  be  doubted ;  and  that  this  atmosphere  .consiate  af 
,  Tariou»elasticfl<uds»  that  are  m^re  or  less  lueid  aud  traaspafenf,  and 
.  of  which  the  luokt  one  is  that  which  furnishes  us  with  ligbt^  seems 
also  to  be  fully  established  by  aU  the  phsaaonena  of  its  spots,  of  the 
facol^e,  and  of  the  kieid  surface  itself.    Tbete  is  ao  kind  of  variety 
.  in  these  appearanees  that  may-not  beaeeonated.for  with  the  greatest 
facility,  from  the  eontinuail  ^agitation  wliieh  we  wmy  easily  ikmeetve 
must  take  place  in  the.regio^  of  such  exteasite  dastic  fluids.    It 
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will  be  necessary,  however,  to  be  a  little  more  particular,  as  to  itie 
manner  in  which  I  suppose  the  lucid  fluid  of  the  sun  to  be  generate<f 
In  its  atmosphere.  An  analogy  that  may  be  drawn  from  the  ge- 
neration of  clouds  in  our  own  atmosphere,  seems  to  be  a  very  pro- 
per one,  and  ftill  of  instruction.  Onr  clouds  are  probably  decom^ 
positions  of  some  of  the  elastic  fluids  of  the  atmosphere  itself,  when 
such  natural  causes,  as  in  this  grand  chemical  laboratory  are  gene- 
rally at  work,  act  on  them  ;  we  may  therefore  admit  that  in  the 
very  extensive  atmosphere  of  the  sun,  from  causes  of  the  same  na-' 
ture>  similar  phsniomena  will  take  place  ;  bnt  with  this  diflerence, 
that  the  continuai  and  very  extensive  decom|>ositions  of  the  elastic 
fluids  of  the  sun,  are  of  a  phosphoric  nature,  and  attended  with 
hicid  appearances,  by  giving  out  light* 

If  it  should  be  objected,  that  such  violent  and  unremitting  decom« 
positions  would  exhaust  the  sun>  we  may  recur  again  to  our  analogy; 
which  will  furnish  us  with  the  following  reflections.  The  extent  of 
our  own  atmosphere,  we  see  is  still  preserved,  notwithstanding  the 
copious  decompositions  of  its  fluids,  in  clouds  and  falling  rain  ;  in 
flashes  of  lightniugr  in  meteors,  and  other  luminous  phaenomena; 
because  there  are  fresh  supplies  of  elastic  vapours,  continually  as- 
cending to  make  good  the  waste  occasioned  by  those  decompositions. 
But  it  may  be  urged*,  that  ^e  case  with  the  decomposition  of  th^ 
elastic  fluids  in  the  solar  atmosphere  would  be  very  diflereut,  sincis 
light  is  emitted,  and  does  not  return  to  the  sun,  as  douds  do  to  the 
€arth  when  they  descend  in  showers  of  rain.  To  which  I  answer, 
that  in  the  decomposition  of  phosphoric  fluids  every  other  ingredient 
but  light  may  also  return  to  the  body  of  the  sun.  And  that  the 
emission  of  light  must  waste  the  sun,  is  not.  a  difficulty  that  can  be 
opposed  to  our  hypothesn.r  For  as  it  is  an  evident  fact  thirt  the  suti 
does  emit  light,  the  same  objection,  if  it  could  be  one,  would  equally 
militate  against  every  other  assignaUe  way  to  aceoimt  f&r  the  pbe- 
nomenon. 

There  are  also  considerations  that  may  lessen  the  pressure  of  thi» 
alledged  difficulty.  We  know  the  exceeding  subtilty  of  light  to  be 
sudi,  that  in  ages  of  time  its  emanation  from  the  sun  cannot  very 
sensibly  lessen  the  size  of  this  great  body.  To  this  may  be  added> 
that  very  possibly  there  may  also  be  ways  of  restoration  to  compen- 
sate for  what  is  lost  by  the  emission  of  light ;  though  the  manner  in 
which  this^can  be  brought  about  shoidd  not  appear  to  us.    Many  of 
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tlie  operations  of  iiatore  are  carried  oh  in  her  great  labaratory,  whidi 
^e  cannot  comprehend ;  but  now  and  then  we  see  some  of  the  tools 
mtb  which  she  is  at  work.  We  need  not  wonder  that  their  constnic- 
tion  should  be  so  singular  as  to  induce  us  to  confess  our  ignorance 
,of  the  method  of  employing  them^  but  we  may  rest  assured  tfasit 
4hey  are  not  a  mere  lusus  naturae^  I  allude  to  the  great  number  of 
small  telescopic  comets  that  have  been  observed ;  and  to  the  iar 
^greater  number  still  that  are  probably  much  too  small  for  being  no* 
ticed  by  our  most  diligent  searchers  after  them.  Those  6,  for  in- 
stance, which  my  sister  has  discovered,  I  can  from  examination 
4iffirai  had  not  the  least  appearance  of  any  solid  nucleus,  and  seemed 
lo  be  mere  collections  of  vapours  condensed  about  a  centl-e.  Five 
anore,  that  I  have  also  observed,  were  nearly  of  the  same  natur«« 
Hiis  throws  a  mystery  over  their  destination,  which  seems  to  place 
.Ahem  in  the  allegorical  view  of  tools,  probably  designed  for  somie 
salutary  purposes  to  be  wrought  by  them ;  and,  whether  the  resto-* 
ration  of  what  is  lost  to  the  sun  by  the  emission  of  light,  the  possj- 
Ulity  of  which  we  have  been  mentioning  above,  may  not  be  one  of 
•these  purposes,  I  shall  not  presume  to  determine.  The  motion  of 
the  comet  discovered  by  Mr.  Messier  in  June  1770,  plainly  indioa* 
ted  how  much  its  orbit  was  liable  to  be  changed  by  the  perturba- 
^ns  of  the  planets ;  from  which,  and  the  little  agreement  that  can 
be  found  between  the  elements  of  the  orbits  of  all  the  comets  that 
liave  been  observed,  it  appears  clearly  that  they  may  be  directed 
to  carry  their  salutary  influence  to  any  part  of  the  heavens* 

My  hypothesis,  however,  as  befose  observed,  does  not  lay  me  un« 
^r  any  obligation  to  explain  how  the  sun  can  sustain  the  waste  of 
light,  nor  to  show  that  it  will  sustain  it  forever ;  and  I  should  also 
.  femark  that,  as  in  the  analogy  of  generating  clouds,  I  merely  allude 
to  their  production  as  owing  to  a  decomposition  of  some  of  the 
elastic  fluids  of  our  atmosphere,  that  analogy,  which  firmly  rests  on 
the  fact,  will  not  be  less  to  my  purpose  to  whatever  cause  these 
clouds  may  owe  their  origin.  It  b  the  same  with  the  lucid  clouds, 
if  I  may  so  call  them,  of  the  sun.  They  plainly  exist,  because  we 
see  them;  the  manner  of  theur  being  generated  may  remain  an 
hypothesis ;  and  mine,  till  a  better  can  be  proposed,  may  stand 
good ;  but  whether  it  does  pr  not,  the  consequences  I  am  going  to 
draw  from  what  has  been  said,  will  not  be  affected  by  it. 

Aefoxe  J  j^oceed,  I  shall  only  point  out^  that  according  to  the 
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Above  theory,  a' dark  spot  in  the  san  is  a  place  in  its  atmo^bere 
wbieh  happens  to  be  free  from  luminous  decompositions  ;  and  that 
faculae  are,  on  the  contrary,  more  copious  mixtures  of  such  fluids  as 
decompose  each  other.  The  pennmbra  which  attends  the  spots, 
being  generally  depressed  more  or  less  to  about  half  way  between 
the  solid  body  of  the  sun  and  the  upper  part  of  those  regions  in  wbkh 
luminous  decompositions  take  place,  must  of  coarse  be  fainter  than 
other  parts.  No  spot  favourable  for  taking  measures  having  lately 
been  on  the  sun,  I  can  only  judge»  from  former  appearances,  that 
the  regions  in  which  the  luminous  solar  clouds  are  formed,  adding 
also  the  elevation  of  the  faculsc,  cannot  be  less  than  1S43,  nor  much 
more  than  2765  miles  in  length.  It  is  true  that  In  our  atRM^ere 
the  extent  of  the  clouds  is  limited  to  a  very  narrow  oompass ;  but 
we  ought  rather  to  compare  the  solar  ones  to  the  luminous  decom* 
positions  which  take  place  in  our  aurora  borealis^  or  himinoua 
arches,  which  extend  much  farther  than  the  cloudy  regions.  The 
density  of  the  luminous  solar  clouds,  though  very  great,  may  not 
be  exceedingly  more  so  than  that  of  onr  aurora  borealis.  For  If  we 
consider  what  would  be  the  bnlliancy  of  a  space  of  two  or  three 
thousand  miles  deep,  filled  with  such  coruscations  as  we  see  now 
and  then  in  our  atmosphere,  their  apparent  intensity,  when  viewed 
at  the  dbtance  of  the  sun^  might  not  be  much  inferior  to  that  of  the 
lucid  solar  fluid. 

From  the  luminous  atmosphere  of  the  sun  I  proceed  to  its 
opaque  body,  which  by  calculation  from  the  power  it  exerts  on  the 
planets  we  know  to  be  of  great  solidity ;  and  from  the  pfaxnomena 
of  the  dark  spots,  many  of  which,  probably  on  account  of  their 
)]igh  situations,  have  been  repeatedly  seen,  and  otherwise  denote 
inequalities  in  their  leveli  we  surmise  that  its  surfece  is  diversified 
with  mountahis  and  valleys. 

What  has  been  said  enables  us  to  come  to  some  very  important 
conclusions,  by  remarking,  that  this  way  of  considering  the  sun  mid 
its  atmosphere,  removes  the  great  dissimilarity  we  have  hitherto 
been  used  to  find  between  its  condition  and  that  of  the  rest  of  the 
great  bodies  of  the  solar  system.  The  sun,  viewed  in  this  light, 
appears  to  be  nothing  else  tlian  a  very  eminent,  large,  and  lucid 
planet,  evidently  the  first,  or  in  strictness  of  speaking,  the  only  jni- 
mary  one  of  our  system ;  sH  others  being  truly  secondary  to  it.  Its 
simiiiarity  to  the  other  globes  of  the  solar  system  with  regard  to  its 
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j^cdidity,  its  ^tmospliere^  and  its  diversified  surface ;  the  rotation  on 
f  t^  ^au9^  and  the  fall  of  heavy  bodies^  leads  us  on  to  suppose  that  it 
^smost  probably  also  inhabited,  like  the  rest  of  the  planets,  by  beings 
Mrhose  organs  are  adapted  to  the  peculiar  circumstances  of  that  vast 
globe.  Whatever  fanciful  poets  might  say«  iu  making  the  sun  the 
llbode  pf  blessed  spirits^  or  angry  moralists  devise,  in  pointing  it  out 
^  a  fit  pUce  for  the  punishment  of  the  wicked,  it  does  not  appear 
itbat  they  had  any  other  foundation  for  their  assertions  than  meet 
jq^ion  ^nd  vague  surmise;  but  now  I  think  myself  authorized,  on 
fU^ybfOQomjcal  priac^les,  to  propose  the  sun  as  an  inhabitable  world, 
ao^  am  persus^ded  that  the  foregoing  observations,  with  the  conclu- 
j^jions  1  have  d^-awn  from  them,  are  fully  sufficient  to  answer  every 
<]|)[>^ectiQ|i  that  may  be  made  against  it. 

It  noay^  however,  not  be  amiss  to  remove  a  certain  difficulty^  whicli 
iarises  from  the  effect  of  the  sun's  rays  on  our  globe«  The  heat  which 
is  here>  at  the  distance  of  gs  millions  of  miles^  produced  by  these 
jrays^  is  so  considerable,  that  it  may  be  objected,  that  the  surface  of 
«t^e  globe  of  the  suu  itself  must  be  scorched  up  beyond  all  conception. 
This  may  be  very  substantially  answered  by  many  proofs  drawn 
^rpm  natural  philosophy,  which  show  t^at  beat  is  produced  by  tht 
null's  rays  only  when  they  act  ou  a  calorific  medium ;  they  are  the 
cau^  of  the  production  of  heat,  by  uniting  with  the  matter  of  fire. 
ivbic;h  is  contained  in  the  substances  that  are  heated  :  as  the  colHson 
,of  fl^t  and  steel  will  inflame  a  magazine  of  gunpowder,  by  putting 
a^  the  latent  fire  it  contains  into  action.  But  an  instance  or  two  oi 
the  n^auiner  in  which  tl^e  solar  rays  produce  their  effect,  will  bi4ng 
A)^  bonae  to  our  niost  coinmon  experience. 

On  tl^e  t<^s  of  mountains  of  a  sufficient  height,  at  an  altitude 
.where  clouds  can  very  seldom  reach,  to  shelter  them  from  the  direct 
jcay;5  of  the  sun,  we  always  find  regions  of  ice  and  snow.  Now  if  the 
M>lar  riiys  themselves  conveyed  all  the  heat  we  find  on  this  globe,  it 
,ougbt  to  be  hottest  where  their  course  is  least  interrupted.  Again,  ouf 
aeronauts  all  confirm  the  coldness  of  the  upper  regions  of  the  atmos- 
phere ;  and  since  therefore  even  on  our  earth,  the  heat  of  any  situ- 
ation depends  on  the  aptness  of  the  medium  to  yield  to  the  impres- 
sion of  the  solar  rays,  we  have  only  to  admit,  that  on  the  sun  itself, 
tbe  el^tic  ^uids  composing  its  atmosphere,  and  the  matter  on  its 
suirfa«Qef  a^?e  of  such  a  nature  as  pot  to  be  capable  of  any  excessive 
.•^^^p/roi^Ujits  own  xa.ys  |  and  indeed  this  seems  to  be  proved  by 
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the  copious  emissioo  of  them  ;  for  if  the  elastic  fluids  of  the  atmos^ 
phere,  or  the  matter  contained  on  tlie  surface  of  the  sun,  were  of 
such  a  nature  as  to  admit  of  an  easy  chemical  combination  with  its 
rays,  their  emission  wouM  be  much  impeded. 

Another  well-known  fact  is»  that  the  solar  focus  of  the  largest 
lens,  thrown  into  the  air,  will  occasion  no  sensible  heat  in  the  place 
where  it  has  been  kept  for  a  considerable  time,  though  its  power  of 
exciting  combustion,  when  proper  bodies  are  exposed,  should  be 
suflkient  to  fuse  the  most  refractory  substances.  It  will  not  be  ne- 
cessary to  mention  other  objections,  as  I  can  tMnk  of  none  that 
may  be  made,  but  what  a  proper  consideration  of  the  foregoing  ob- 
servations will  easily  remove;  such  as  may  be  urged  from  the  dis- 
similarity between  the  luminous  atmosphere  of  the  sun  and  that  of 
our  globe  will  be  touched  on  hereafter,  when  I  consider  the  objec- 
tions that  may  be  assigned  against  the  moon*s  being  an  inhabitable 
satellite. 

I  shall  now  endeavour,  by  analogical  reasonings,  to  support  the 
ideas  I  have  suggested  concerning  the  construction  and  purposes  of 
the  sun ;  in  order  to  which  it  will  be  necessary  to  begin  with  such 
arguments  as  the  nature  of  the  case  will  admit,  to  show  that  our 
moon  is  probably  inhabited.  This  satellite  is  of  all  the  heavenly 
bodies  the  nearest^  and  therefore  most  within  the  reach  of  our  teles- 
copes* Accordingly  we  find,  by  repeated  inspection,  that  we  can 
with  perfect  confidence  give  the  following  account  of  it  It  is  a 
secondary  planet,  of  a  considerable  size;  the  surface  of  which  is  di- 
versified, like  that  of  the  earthy  by  mountains  and  valleys.  Its 
situation,  with  respect  to  the  sun,  is  much  like  that  of  the  earth; 
and^  by  a  rotation  on  its  axis,  it  enjoys  an  agreeable  variety  of 
seasons,  and  of  day  and  night.  To  the  moon,  our  globe  will  appear 
to  be  a  very  capital  satellite  ;  undergoing  the  same  regular  changes 
of  illuminations  as  the  moon  does  to  the  earth.  The  sun,  the 
planets,  and  the  starry  constellations  of  the  heavens,  will  rise  and  set 
there  as  they  do  here ;  and  heavy  bodies  will  fall  on  the  moon  as 
they  do  on  the  earth.    There  seems  only  to  be  wanting,  in  order 

to  complete  the  analogy,  that  it   should  be    inhabited  like  the 
earth. 

To  this  it  may  be  objected,  that  we  perceive  no  large  seas  in  the 

moon  i  that  its  atmosphere,  the  existence  of  which  has  even  been 

do^bted  by  many,  is  extremely  nire,  and  unfit  for  the  jpurposes  of 
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mimal  life ;  that  its  climates^  its  seasons,  and  the  length  of  its 
days,  totally  differ  from  oars  ^  that  without  dense  clouds,  which  the 
moon  has  not,  there  can  be  no  rain ;  perhaps  no  rivers,  no  lakes. 
In  short,  that  notwithstanding  the  similarity  which  has  been  pmnted 
out,  there  seems  to  be  a  decided  difference  in  the  two  planets  we 
have  compared.  My  aaswer  to  this  will  be,  that  that  very  differ- 
ence which  is  now  objected,  will  rather  strengthen  the  force  of  my 
argument  than  lessen  its  value :  we  find,  even  on  our  globe,  that 
there  is  the  most  striking  difference  in  the  situation  of  the  creatures 
that  live  on  it.  While  man  walks  on  the  ground,  the  birds  fly  in 
the  ahr,  and  fishes  swim  in  water  ;  we  can  certainly  not  object  to 
the  conveniences  afforded  by  the  moon,  if  those  that  are  to  inhabit 
its  regions  are  fitted  to  their  conditions,  as  well  as  we  on  this  globe 
are  to  ours.  An  absolute,  or  total  sameness,  seems  rather  to  denote 
impeHections,  such  as  nature  never  exposes  to  our  view ;  and,  on 
this  account,  I  believe  the  analogies  that  have  been  mentioned  are 
Inlly  sufficient  to  establish  the  high  probability  of  the  moon's  being 
inhabited  like  the  earth. 

To  proceed,  we  will  now  suppose  an  inhabitant  of  the  moon, 
who  has  not  properly  considered  such  analogical  reasonings  as  might 
induce  him  to  surmise  that  our  earth  b  inhabited,  were  to  give  it  as 
his  opinion  that  the  use  of  that  great  body,  which  he  sees  in  hb 
neighbourhood,  is  to  carry  about  his  litile  globe,  that  it  may  be 
properly  exposed  to  the  light  of  the  sun,  so  as  to  enjoy  an  agreeable 
and  usefiil  variety  of  illuminatbn,  as  well  as  to  give  it  light  by  re* 
Election  from  the  sun,  when  direct  day-light  cannot  be  had.  Sup- 
pose also  that  the  inhabitants  of  the  satellites  of  Jupiter,  Saturn, 
and  the  Geoiigian  planet,  were  to  consider  the  primary  ones,  to 
which  they  belong,  as  mere  attractive  centres,  to  keep  together 
their  orbits,  to  direct  their  revolution  round  the  sun,  and  to  supply 
them  with  reflected  light  in  the  absence  of  direct  illumination. 
Ought  we  not  to  condemn  their  ignorance,  as  proceeding  from  want 
of  attention  and  proper  reflection  ?  It  is  very  true  that  the  earth,  and 
those  other  planets  that  have  satellites  about  them,  perform  all  the 
offices  that  have  been  naoMd,  for  the  inhabitants  of  these  little 
globes  ;  but  to  us,  who  live  on  one  of  these  planets,  their  reason- 
ings cannot  but  appear  very  defective  ;  when  we  see  what  a  magni. 
^oeot  dwelling-place  the  earth  affords  to  numberless  kiteiygent 
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These  consideratioas  ought  to  make  the  inhabitant*  pf  the 
planets  wiser  than  we  have  suppoaed  those  of  their  satellites  to  be» 
We  surely  ought  not^  like  theoi,  to  say  **  the  hid  (that  imiiieo^e 
globe,  ivhose  body  would  much  more  than  fill  the  whole  orbit  of 
the  moon)  Is  merely  an  attractive  centre  to  us.**  From  experi^^ce 
we  can  afiirm,  that  the  performance  of  thtt  mo9t  s$ilut<iry  o0io^  to 
inferior  planets,  b  not  inconsistent  with  the  dignity  of  superior  pur- 
poses ;  and,  in  consequence  of  such  analogical  reasonings,  apiusted 
by  telescopic  views,  which  plainly  fiurour  the  same  opimoo,  we  seed 
not  hesitate  to  admit  that  the  sua  b  i ichly  stored  with  iohabitauls. 

Thb  way  of  considering  the  sun  b  of  the  utmost  impor^atice  in 
hs  consequences.  That  stars  ane  suns  can  hardly  admit  i^  ^  doubt. 
Their  immense  distaaoe  WQjuld  perfectly  excliUe  Ih/efii  f^om  qj^ 
wkm,  if  the  light  they  ^nd  us  were  not  of  the  solajr  kind*  Besides, 
the  aaalogy  tnay  be  traced  much  fuither*  The  sun  turos  on  it^ 
axis.  So  does  the  star  Algol.  So  do  the  »t^r9  x^lled  $  Lgr9, 
^Cephei^  T}Antinoi>  o  Cetit  a^pd  many  more;  most  pr<riM>ly  aU. 
From  what  other  cause  can  we  so  probably  account  for  their  periodi- 
ca changes  ?  Again,  our  sun  has  spots  on  its  sur^ce.  So  has  the 
stor  Algol ;  and  so  have  the  rtars  already  muoied ;  and  probably  every 
star  in  the  heavens.  Ou  our  sun  these  spots  are  chaogoabk.  So 
they  are  on  the  star  •  Ceti ;  as  evidently  appears  ftom  .the  isregu- 
larity  of  its  changeable  lustre,  whidi  b  often  bcoken  in  upon  by 
accidental  changes,  white  the  general  period  continues  imaltered. 
The  same  little  deviations  have  been  observed  in  other  periodical 
etars,  and  tMight  to  be  ascribed  to  the  same  cause.  But  if  stars 
are  suns,  and  suns  are  inhabitable,  we  see  at  once  what  an  e£tei^- 
siv^  £eid  for  animation  opens  itself  to  our  view. 

it  b  true  that  analogy  may  induce  us  to  conclude^  that  since 
st^rs  appear  to  be  suns,  and  juns,  accosding  to  Ihe  conmion  o|^- 
nion,  are  bodies  that  serve  to  enlighten,  warm>  and  susjUiio  a 
system  of  planets,  we  n^y  have  an  idea  of  immberlesa  globes  thfit 
fierve  iw  the  habitation  of  living  creatures.  But  if  these  suus  them- 
selves are  priqiary  planets^  we  may  see  some  thousands  of  tbiem 
Mfilh  our  own  eyes,  and  millioBs  by  the  belp  of  .tdescopes;  when  at 
4lie  same  time^  the  same  analogical  reasoning  still  remains  in  fifll 
force,  with  regard  to  4he  planets  which  these  suns  may  suppoQt. 
In  thb  place,  I  may  however  take  aotice  that^  Aopi  other  considera- 
tions, the  idea  of  suns  or  stars  bemg  merely  the  suppot^rs  of 
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systems  of  planets^  is  not  absolutely  to  be  admitted  as  a  general 
one.  AmoBg  the  great  number  of  very  compressed  clusteiis  of 
stars,  given  in  my  catalogues,  there  are  some  which  open  a  different 
view  of  the  heavens  to  us.  The  stars  in  them  are  so  very  close  to« 
gether,  that  notwithstanding  the  great  distance  at  which  we  may 
suppose  the  cluster  itself  to  be,  it  will  hardly  be  possible  to  assiga 
any  sufficient  mutual  distance  to  the  stars  composing  the  cluster,  to 
leave  room  for  crowding  in  those  [^nets,  for  whose  suf^rt  these 
stars  have  been,  or  might  be,  suf^osed  to  eust.  It  should  seem 
therefore  highly  probable  that  they  exist  for  themselves ;  and  are 
in  fact  only  very  capital,  lucid,  primary  planets,  connected  together 
in  one  great  system  of  mutual  suf^rt. 

As  in  this  argum^t  I  do  not  proceed  on  conjectures,  but  have 
flf tual  observations  in  view,  I  shidl  mention  an  instance  in  (ho 
4^ter8,  No.  q6,  S8,  and  35,  class  6,  of  my  catalogue  of  nebulse, 
and  clusters  of  stars  in  the  Phil.  Trans.  voL  79.  The  stars  in  them 
are  so  crowded,  that  I  cannot  conjecture  them  to  be  at  a  greater 
appanwt  distance  from  each  other  than  5";  even  after  a  proper 
allowance  for  such  stars,  as  eo  a  supposition  of  a  globular  form  of 
the  cluster,  will  interfere  with  each  other,  has  been  made.  Now  if 
we  would  leave  as  much  room  between  each  of  these  stars  as  there 
ks  between  the  sun  and  Sirius^  we  must  piace  these  clusters  42104 
times  as  far  from  us  as  that  atar  is  from  the  sun.  But  in  order  to 
bring  down  the  lustre  of  Sirius  to  that  of  an  equal  star  placed  at 
such  a  distance^  I  ought  to  reduce  ^e  aperture  of  my  20-feet  teles- 
cope to  less  than  the  2200tb  part  of  an  inch :  whea  certainly  I 
could  no  longer  expect  to 'See  any  star  i^  all.  The  same  remark 
may  be  made,  with  regard  to  the  number  of  very  close  double 
star^:  whose  appaient  diameters  being  alike,  and  not  very  small,  do 
not  indicate  any  very  great  mutual  distance.  From  which,  how« 
ever,  must  be  deducted  all  those  where  the  different  distances  may 
be  compensated  by  the  real  difference  in  their  respective  magni* 
tudes. 

To  what  has  been  said  may  be  added,  that  in  some  parts  of  the 
milky  way,  where  yet  the  stars  are  not  very  small,  they  are  so 
crowded,  that  in  the  year  179^»  Aug.  22,  I  found  by  the  gages, 
that  in  41  minute»of  time,  no  less  than  258  thousand  of  them  had 
passed  through  the  field  of  view  of  my  telescope.  It  seems  there* 
fore,  on  the  whole,  not  improbable  that,  in  many  cases,  stars  are 
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united  in  such  close  systems  as  oot  to  leave  much  room  for  the 
orbits  of  planet s>  or  comets;  and  that  consequently,  on  this  ac« 
count  also,  many  stars,  unless  we  would  make  them  mere  useless 
brilliant  points,  may  themselves  be  lucid  planets,  perhaps  unat- 
tended by  satellites. 

Postscript, — The  following  observations,  which  were  made  with 
an  improved  apparatus,  and  under  the  most  favourable  circum- 
stances, should  be  added  to  those  which  have  been  given.  They 
are  decisive  with  regard  to  on^  of  the  conditions  of  the  lucid  matter 
of  the  sun. 

Nov.  26,  179^9  8  spots  in  the  sun,  and  several  sub-divisions  of 
them,  were  all  equally  depressed.  The  sun  was  every  where 
mottled.  The  mottled  appearance  of  the  sun  was  owing  to  an  in- 
equality in  the  level  of  the  surface.  The  sun  was  equally  mottled 
at  its  poles  and  at  its  equator;  bat  the  mottled  appearances  may  be 
seen  better  about  the  middle  of  the  disc  than  towards  the  circum* 
ference>  on  account  of  the  sun's  spherical  form.  The  unevenness 
arising  from  the  elevation  and  depression  of  the  mottled  appearance 
4m  the  surface  of  the  sun,  seemed,  in  many  places,  to  amount  to 
as  much,  or  to  nearly  as  much,  as  the  depression  of  the  penumbm 
of  the  spots  below  the  upper  part  of  the  shinuig  substance ;  with- 
out including  facuke,  which  were  protuberant  The  lucid  sub- 
stance of  the  sun  was  ndther  a  liquid,  nor  an  elastic  fluid ;  as  was 
evideitf  from  its  not  instantly  filling  up  the  cavities  of  the  spots» 
and  pf  the  unevenness  of  the  mottled  parts.  It  exists  therefore  in 
the  manner  of  lucid  clouds  swinumng  in  the  transparent  atmosphere 
of  the  sun ;  or  rather  of  Inminous  decompositions  taking  place 
within  that  atmosphere. 

[HerschO,  PhiL  Trans.  Abridgedi  1795.] 
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CHAP.  vir. 

ON    THE    CONSTRUCTION    OF    THE    HEAVENS,    AND    THfi 
ORGANIZATION  OF  THE  CELESTIAL  BODIES* 

A  KNOWLEDGE  of  the  construction  of^  the  heavens  has  always 
been  the  ultimate  object  of  my  observations,  aud  havmg  been 
many  years  engaged  in  applying  my  forty,  twenty,  and  large  tea 
feet  telescopes,  on  account  of  their  great  space-penetrating  power 
to  review  the  most  interestuig  objects  discovered  in  my  sweeps,  as 
wvll  as  tbose  who  had  before  been  communicated  to  the  public  in 
the  Connmsance  des  Temp9,  for  1784, 1  %id  that  by  arranging  these 
objects  in  a  ceictain  successive  regular  order,  they  may  be  viewed 
in  a  new  light,  and,  if  I  am  not  mistaken,  an  examination  of  them 
will  lead  to  consequences  which  cannot  be  indiffierent  to  an  inquir- 
mg  nrauL 

If  it  should  be  remarked  that  b  this  new  arrangement  I  am  not 
^tiidy  consistent  with  what  I  have  already  in  former  papers  said 
on  the  nature  of  some  olijects  that  have  come  under  my  observa- 
ti<ni,  1  must  freely  confess,  that  by  continuing  my  sweeps  of  the 
heavens,  my  opinion  of  the  arrangement  of  the  stars  and  their 
Bu^itij^des,  and  of  some  other4)articulars,  has  uudergoue  a  gra- 
dual change;  and  indeed  when  the  novelty  of  the  subject  is  con- 
sidered, we  cannot  be  surprised  that  many  things  formerly  taken 
for  granted,  should,  on  examination,  prove  to  be  different  from 
wluit  tliey  were  generally,  but  incautiously,  suf^sed  to  be* 

For  instance,  an  equal  scattering  of  the  stars  may  be  admitted  in 
ceitain  cidculations ;  bnt  when  we  examine  the  milky  way,  or  the 
dofldy  compressed  clusters  of  stars,  of  which  my  catalogues  have 
recorded  so  many  instances,  this  supposed  equality  of  scattering 
most  be  given  up*  We  may  also  have  surmised  nebulae  to  be  no 
<itiie|:  than  clusters  of  stars  disguised  by  their  very  great  distance, 
bttt  a  longer  experience  and  better  acquaintance  with  the  nature  of 
e,  will  not  allow  a  general  admbsion  of  such  a  principle. 
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although  undoubtedly  a  cluster  of  stars  may  assume  a  nebulous 
appearance  wheo  it  is  too  remote  for  us  to  discern  the  stars  of 
which  it  is  composed. 

Impressed  with  an  idea  that  nebulae  properly  speaking  were 
clusters  of  stars,  I  used  to  call  the  nebulosity  of  which  some  were 
composed*  when  it  was  of  a  certain  appearance,  resalvabhi  but 
when  I  perceived  that  additional  light»  so  ^t  from  resolfing  these 
nebulae  into  stars,  seemed  to  prove  that  their  nebulosity  was  not 
different  from  what  I  had  called  milky,  this  conception  was  set 
aside  as  erroneous.  In  consequence  of  this,  such  nebulse  as  after* 
wards  were  suspected  to  consist  of  stars^  or  m  which  a  few  nyght 
be  seen,  were  called  easily  resolvable  ^  but  even  this  expressioD 
must  be  received  with  caution,  because  an  object  may  not  o^y 
contain  stars,  but  also  nebulosity  not  composed  of  them. 

It  will  he  necessary  to  explain  the  spirit  of  the  method  of  arrang- 
ing the  observed  astronomical  objects  under  consideration  in  such 
a  manner,  that  one  shall  assist  us  to  undertstand  the  nature  and 
construction  of  the  other.  This  end  I  propose  to  obtain  by  assort- 
ing them  into  as  many  classes  as  will  be  required  to  produce  tlie 
most  gradual  affinity  between  the  individuals  contained  in  any  one 
class,  with  those  contained  in  that  which  precedes  and  that  which 
follows  it:  and  it  will  certainly  contribute  to  the  perfection  of  this 
method,  if  this  connection  between  the  various  classes  can  be  made 
to  appear  so  clearly  as  not  to  admit  of  a  doubt.  This  considera- 
tion will  be  a  sufficient  apology  for  the  great  number  of  assortoMnts 
into  which  I  have  thrown  the  objects  under  consideration ;  and  it 
will  be  found  that  those  contoined  in  one  article,  are  so  closely 
allied  to  those  in  the  next,  that  there  is  perhaps  not  so  much  differ- 
ence between  them,  if  I  may  use  the  comparitwu,  as  there  wouM 
be  in  an  annual  description  of  the  hiwiau  %irc,  were  it  given  from 
the  birth  of  a  child  till  he  comes  to  be  a  roan  in  his  prime. 

The  similarity  of  the  objects  contamed  in  each  class  will  seldom 
require  the  description  of  more  than  one  of  them,  and  for  this 
purpose,  out  of  the  number  referred  to,  the  selected  one  will  be 
that  which  has  been  most  circumstaatiaUy  observed ;  hw^ver,  those 
who  wish  either  to  review  any  other  of  the  lA^eete,  or  to  read  a 
short  description  of  them,  will  find  their  place  in  the  heavens,  or 
the  account  of  ^ir  appearance  either  in  the  catalogues  I  hare 
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giten  of  them  in  the  PhBos.  Tnuis«»  6r  in  the  Gmnmmnce  des  lempt 
for  ]784»  to  which  in  every  artible  proper  references  will  be  given 
lor  the  objects  under  consideration. 

If  the  deseriptioh  I  git e  should  sometimes  differ  a  little  from  that 
which  belongs  to  some  number  referred  to,  it  must  be  remembered 
that  objects  which  had  been  observed  matiy  times^  could  not  be  so 
particularly  and  comprehensibiy  detailed  in  the  confined  space  of 
the  catalogues  as  I  no#  may  describe  them ;  additional  observations 
have  also  now  and  then  given  me  a  better  view  of  the  objects  than 
I  had  before.  This  remark  will  always  apply  to  the  numbers  which 
itfer  to  th^  Connoisiance  des  Temps ;  for  the  nebulae  and  elustevs  of 
stars  are  there  so  imperfectly  described,  that  my  own  observation  of 
them  with  large  instruments  may  well  be  supposed  to  differ  entirely 
from  what  is  said  of- them*  But  if  any  astronomer  should  review 
them,  with  such  high  space-penetrating-powers^  as  are  absolutely 
required,  it  m\\  be  found  that  I  have  classed  them  very  properly. 

It  will  be  necessary  to  mention  that  the  nebulous  delineations  in 
the  figures  are  not  intended  to  represent  any  of  the  individuals  of 
the  objects  which  are  described  otherwise  dmo  in  the  circumstances 
which  are  comimon  to  the  nebulse  of  each  assortment :  the  irregv- 
larity  of  a  fignk'e,  for  instance,  miet  stand  for  every  other  irregula* 
rity ;  and  ^e  delineated  size  for  evefy  other  siee.  It  vrili  however 
be  seen,  that  in  the  figure  referred  to  there  is  a  sufiicient  resem* 
blance  to  the  described  nebula  to  show  the  essential  features  of 
ihape  md  brightness  tiien  under  consideration. 

1.  Of  exiemi've  diffused  Nebulosity. 

The  first  article  of  my  series  will  begin  widi  extensive  diffused 
nebul^ty,  which  is  a  flhendmenon  that  hitherto  has  net  been  much 
noticed^  and  can  indeed  only  be  perceived  by  inslrumeiits  that  col- 
lect a  greirt  quantity  of  li^t.  Its  existence,  when  some  part  of  it  is 
*fK>inted  out  by  dbtjects  that  are  within  the  reach  of  common  te)e< 
scopes,  has  nevertheless  obtruded  itself  already  on  the  knowledge  of 
ustronotiiers,  as  will  be  seen  in  my  third  article. 

The  widely  d^i^ed  nebulosity  under  consideration  has  already 
been  partially  mentioned  in  tny  catalogues*. 

♦  See  Phil.  Trans,  for  1786,  page  471 ;  for  1789,  page  226;  and  for  18p2, 
page  563.  The  following  ten  nebulosities  are  in  the  Yth  class,  No.  13,  14, 
15,  11,  »,  30,  31,  33,  34,  38. 
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The  description  of  the  ol:»feet  I  ^all  select  is  of  No.  14,  m  thel 
6th  class,  and  is  as  follows :  **  £xtreniely  faint  branching  nebiib^ 
*'  sity;  its  whitisbness  is  entirely  of  the  milky  kind,  and  it  is 
*'  brighter  in  three  or  four  places  than  in  the  rest ;  the  stars  of  the 
«'  milky  way  are  scattered  over  it  in  the  same  manner  as  over  the 
**  rest  of  the  heavens,  its  extent  in  the  parallel  is  nearly  1^  de^ 
**  gree,  and  in  the  meridional  direction  about  52  minutes.  The 
**  following  part  of  it  is  divided  into  several  strcfams  and  windings, 
<'  which  after  separating,  meet  each  other  agam  towards  the  south/ 
See  figure  1. 

This  account,  whidi  agrees  with  what  will  be  found  in  all  the 
other  numbers  referred  to,  with  regard  to  the  subject  under  con* 
sideration,  namely,  a  diffused  milky  nebulosity,  will  give  us  already 
some  idea  of  its  great  abundance  in  the  heavens ;  my  next  article, 
however,  will  fax  extend  our  conception  of  its  quantity. 

2.  Observations  of  Nebulosities  that  have  not  been  publislied 

before. 

It  may  be  easily  supposed  that  in  my  sweeps  of  the  heaves  I  was 
not  inattentive  to  extensive  diffiisions  of  nebulosity,  which  occa- 
sionally fell  under  my  observation.  They  can  only  be  seen  when 
the  air  is  perfectly  clear,  and  when  the  observer  has  been  in  the 
dark  long  enough  for  the  eye  to  recover  from  the  impression  of 
having  been  in  the  light. 

I  have  collected  fifty-two  such  observations  into  a  table,  and  have 
arranged  them  in  the  order  of  right  ascension.  In  the  first  column 
they  are  numbered ;  in  the  second  and  third  columns  are  the  right 
ascension  and  north  polar  distance  of  a  place  which  is  the  central 
point  of  a  parallelogram  comprehending  the  space  which  the  nebu* 
losity  was  observed  to  fill.    They  are  calculated  for  the  year  1800. 

Tlie  length  and  breadth  of  the  parallelograms  are  set  down  in 
the  4th  and  5th  columns  in  degrees  and  minutes  of  a  great  circle. 
The  time  taken  up  in  the  transit  of  each  parallelogram  having  been 
properly  reduced  to  space  by  the  polar  distance  given  in  the  3d 
column,  in  order  to  make  it  agree  with  the  space  contained  in  the 
breadth  of  the  zone  described  by  the  telescope ;  the  dimensions  of 
the  former  space  therefore  is  in  the  parallel,  and  that  of  the  latter 
in  the  meridian.  My  field  of  view,  being  fifteen  minutes  in  dia- 
meter,   its  extent  has  been  properly  considered  in  the  assisted 
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dimensions  of  the  pairallelogranis*  It  is  however  evident  that  the 
limits  of  the  sweeping  zone  leave  the  extent  of  the  nebulosity  in 
the  meridian  unascertained.  The  beginning  of  it  is  equally  uncer- 
tain, since  the  nebulous  state  of  the  heavens  could  only  be  noticed 
when  its  appearance  became  remarkable  enough  to  attract  atten- 
tion. The  ending  is  always  left  undetermined ;  for«  as  the  right 
ascension  was  only  taken  once,  I  have  allowed  but  a  single  minute 
of  time  for  the  extent  of  the  nebulosity  in  that  direction,  except 
where  the  time  was  repeatedly  taken  with  a  view  to  ascertain  how 
far  it  went  in  the  parallel ;  or  when  the  circumstances  of  its  bright* 
ness  pointed  out  a  longer  duration. 

The  sixth  column  of  the  table  contains  the  size  of  the  observed 
nebulosity  reduced  to  square  degrees  and  decimals,  computed  from 
the  two  preceding  columns ;  and  in  the  last  I  Imve  given  the  ac« 
count  of  these  nebulosities  as  recorded  in  my  sweeps  at  the  time 
they  were  made ;  namely,  within  a  period  of  nineteen  years,  be- 
ginning in  1783,  and  ending  in  1602. 

When  this  account  says  affected,  it  is  btended  to  mean  that  the 
ground  upon  which,  or  through  which  we  see,  or  may  see  stars,  is 
affected  with  nebulosity. 
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Table  of  extensive  diffused  Nebulosity. 


No. 

I 

R.A. 

P.D. 

Paral. 

0  / 

1  44 

Merid, 

Site. 

D«f. 
3.3 

Accoont  of  the  IVeboloiity. 

h      '     '' 
0    5    2 

81     7 

1  56 

Much  affected  with  nebnl. 

9 

0  12  31 

86  34 

$    0 

2  34 

7,7 

Much  affected. 

S 

0  17  17 

-61  24 

0  41 

2  40 

i,i 

Affected. 

4 

0  20  31 

86  34 

1  30 

234 

3,6 

Much  affected. 

-T" 

0  25    5 

-67    8 

0  29 

2  34 

1,2 

Much  affected. 

6 

0  31  22^ 

90    4 

230 

2  19 

5,7 

Appeared  to  be  affected 
with  very  faint  nebniot. 

T 

032  54 

49  23 

1  33 

3    1 

4.7 

Affected  with  nebulosity. 

8 

0  84  21 

61  17 

1  n 

2  49 

3,6 

Uneqoalljr  affected. 

9 

0  36  13 

47    3 

2  37 

3  18 

8,6 

Suspected  faint  nebulosity. 

to 

0  43  32 

46  58 

0  26 

3  18 

1.4 

Suspected  faint  nebulosity 

ii 

1  35  32 

60  42 

028 

2  40 

1,3 

Suspected  to  be  tinged  with 
milky  nebulosity. 

ir- 

2 22  19 

7127 

0  29 

2  29 

1,2 

Much  affected  with  nebul. 

is 

3  56  14 

65    6 

029 

2  27 

1,7 

Much  affected. 

14 

4  17  21 

55    7 

1    4 

2  38 

2,8, 

Suspected  pretty  itronif 
nebulosity. 

Id 

4  18  21 

55    6 

1  53 

238 

6,0 

Suspected  nebulosity. 

16 

4  2135 

97  44 

0  30 

2  16 

1,1 

Strong  milky  nebulosity. 

17 

4  23  14 

69  23 

029 

2  36 

1,3 

Much  affected. 

18 

4  38  17 

69  23 

029 

2  36 

1,3 

Much  affected. 

19 

4  46  17 

63  26 

1  46 

2  31 

4,4 

Strong  suspicion  of  very 
faint  milky  nebulosi^. 

«0 

5    9  44 

66    6 

1  23 

2  27 

3,4 

Very  much  affected. 

ei 

5  13  14 

65    6 

029 

227 

1,7 

Affected. 

22 

5  23  50 

97     1 

2  31 

2  31 

6,3 

Affected  with  milky  nebul. 

93 

24 

5  25  16 

92  48 

030 

1  48 

2  40 

1,3 
4,6 

Affected. 

5  27    2 

94  23 

232 

Visible  and  unequally 
bright  nebulosity.  I  am 
pretty  sure  this  joins  to 
the  great  nebula  in  Orion. 

26 

530  40 

92  35 

2  45 

2  33 

7,0 

Diffused  milky  nebulosity. 

«6 

5  31  58 

97     1 

1  56 

2  31 

4,9 

A  pretty  strong  suspicion  of 
nebulosity. 

27 

538    5 

88  56 

1     6 

237 

2,9 

Affected  with  milky  nebu. 

28 

5  55  55 

86  17 

030 

2  34 

1,3 

Much  affected. 

29 

5  56  36 

110  28 

1  48 

2  48 

5,0 

Affected. 

30 

633    7 

48  39 

026 

3    4 

1,3 

Aff<ected. 

31 

9  22  56 

108    3 

029 

2  30 

1,2 

Affected. 

32 

9  27  19 

18  21 

024 

4    4 

1,6 

Much  affected  with  .Terv 
faint  whitish  nebulosity: 

33 

10    6  56 

98  33 

3  68 

2  17 

9,1 

Very  faint  whitish  nebulo. 

34 

10  16    1 

37  58 

024 

4    9 

1.1 

Much  affected. 
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No. 

R.A. 

P.D. 

Paral. 
0  29 

Merid. 

Size. 

Deg. 
1,6 

Accoani  of  the  Ncbalority. 

35 

h     '      " 
10  34  29 

O            f 

26  44 

o     / 
3  15 

'  Affected  with    very  fy,\nt 
1      nebalosity. 

S6 

10  68  24 

26  44 

0  42 

3  15 

2,3      Affected. 

37 

11  56  59 

68  50 

0  41 

2  54 

2,0      Affected  with  whkisti  neb. 

38 

12    7  34 

58  60 

0  41 

2  54 

2,0      Att'ected  with  whitish  neb. 

39 

13    7  33 

65  20 

0  27 

2  17 

1,0 

Much  affected. 

40 

13  58    0 

65  20 

0  42 

2  17 

1,6 

Very  much  atfected;  and 
many  fkint  nebolas  sus- 
pected. 

41 

15    5    7 

70  40 

I  52 

2  31 

4,7 

Affected  with  .very  faint 
nebulosity. 

42 

20  58  20 

92  17 

1  45 

2  21 

.  ,      JH  ucn  attected  with  whitish 
'            nebulosity. 

43 

20  48  50 

73  38 

0  29 

2  52 

1 ,4      A,Rood  deal  affected. 

44 

20  51    4 

46  51 

0  59 

2  53 

2.8 

Faint  milky  nebulosity 
scattered  over  this  space, 
in  some  places  pretty 
bright. 

45 

20  52  28 

91  57 

0  49 

0  56 

0,8 

Much  affected  with  whitish 
nebulosity. 

46 

20  53  31 

47     7 

1    8 

3  18 

3,7 

Suspected  nebulosity  Join- 
Iti^  to  plainly  visible  dif. 
Aised  nebulosity. 

47 

21     0  26 

76    3 

0  44 

2  46 

8.0 

Affected. 

48 

21  29  27 

80    8 

0  30 

2  15 

1,1       Muchatfected.     ' 

49, 

21  42  16 

68  57 

0  29 

2  36 

1,2      Affecterf! 

50  ' 

22  52  36 

ft*  47     0  29J 

2  47 

1*3      Much  affecxed. 

51 

22  53    6| 

64  47     0  42  1    2  47    | 

1,9      Affected. 

52      22  55  29  J 

61   15    0  28  1    2  37    | 

1,2      A  little  all'ectcdl 

In  looking  over  this  table,  it  may  be  noticed  that  I  have  inserted 
several  nebulosities  that  were  only  suspected.  Had  I  been  less 
scrupulous  at  the  time  of  observation^  the  word  suspected  would 
generally  have  been  omitted;  for  with  thb  nebulosity,  as  well  as 
with  the  great  number  of  nebulae  that  in  my  catalogues  are  marked 
suspected,  I  have  almost  without  exception  found,  in  a  second  re«^ 
view,  that  the  entertained  suspicion  was  either  fully  confirmed,  or 
that,  without  having  had  any  previous  notice  of  the  former  obser« 
yatibn,  the  same  suspicion  was  renewed  when  I  came  to  the  same 
place  again. 

When  these  observations  are  examined  with  a  view  to  improve 
our  knowledge  of  the  construction  of  the  heavens,  we  s^  ip  the  first 
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place  that  extensive  diffused  nebulosity  is  exceedingly  great  indeed ; 
far,  the  account  of  it«  as  stated  in  the  table,  is  151,7  square  de- 
grees i  but  thb,  it  must  be  remembered,  gives  us  by  no  meansr  the 
real  limits  of  it*  neither  in  the  parallel*  nor  in  the  meridian  ;  more- 
over,  the  dimensions  in  the  table  give  only  its  superficial  extent  | 
the  depth  or  third  dimension  of  it  may  be  far  beyond  the  reach  of 
our  telescopes ;  and  when  these  considerations  together  are  added 
to  what  has  been  said  in  the  foregoing  article,  it  will  be  evident  that 
the  abundance  of  nebulous  matter  diffused  through  such  an  expan- 
sion of  the  heavens  must  exceed  all  imagination. 

By  nebulous  matter  I  mean  to  denote  that  substance*  or  rather 
those  substances  which  give  out  light*  whatsoever  may  be  their  na» 
ture*  or  of  whatever  different  powers  they  may  be  possessed. 

Another  remark  of  equal  importance  arises  from  the  considera- 
tion of  the  observed  nebulosities.  By  the  account  of  the  table  we 
find  that  extreme  faintuess  is  predommant  in  most  of  them ;  which 
renders  it  probable  that  our  best  instruments  will  not  reach  so 
far  into  the  profundity  of  space*  as  to  see  more  distant  diffusions 
of  it»  In  No.  44  of  the  table*  we  have  an  instance  of  faint  milky 
uebttk>Mty*  which*  though  pretty  bright  in  some  places*  was  com- 
pletely lost  from  faintness  in  others ;  and  No.  46  con6rnis  the  same 
remark*  It  has  also  been  already  mentioned  in  the  first  article* 
that  the  nebulosity  in  V.  14  was  brighter  in  three  or  four  places 
than  in  the  rest*  The  stars  also  of  the  milky  way  which  were  scat- 
tered over  it*  and  were  generally  very  small,  appeared  with  a  bril- 
liancy that  will  admit  of  no  comparison  with  the  dimness  of  the 
brightest  nebulosity.  In  consequence  of  this*  we  may  already  sur- 
mise that  the  range  of  the  visibility  of  the  nebulous  matter  b  con- 
fined to  very  moderate  limits. 

3.  Of  Nebulmtie$  joined  to  Nebula. 

The  nature  of  diffused  nebulosity  is  such  that  we  often  see  it 
joined  to  real  nebulae ;  for  instances  of  this  kind  we  have  the  four- 
teen following  objects*. 

The  account  of  the  three  first  nebulae  being  shortened  in  the 
catalogue*  I  give  it  here  more  at  length. 

*  See  I.  81<207,  214.  lY.  41.  V.  32,  35, 37,  44,  51,  52.  ConMfi9Mue§ 
d*s  Tmps  17*  42*  64,  78, 
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No.  81  in  the  first  class  is  *'  A  considerable  bright  and  large  ne* 
"  bula.  Tts  nebulosity  is  of  the  milky  kind,  and  a  small  part  of  it 
**  h  considerably  brighter  than  the  rest.  The  greatest  extent  of 
**  the  milkiness  is  preceding  the  bright  part,  and  the  termination  of 
**  it  is  imperceptible.^  To  No*  207  should- be  added,  *' It  seems 
''  to  join  to  imperceptible  nebulosity  on  the  south  preceding  side;*' 
and  to  No.  214,  "  It  termmates  abruptly  to  the  north  and  is  dif« 
^*  fused  to  the  south.'*    See  fig,  2. 

No.  42  of  the  Connoissance  b  the  great  nebula  in  the  constellation 
of  Orion  discovered  by  Huyghens.  This  highly  interesting  object 
engaged  my  attention  already  in  the  beginning  of  the  year  1774, 
ivhen  viewing  it  with  a  Newtonian  reflector  I  made  a  drawing  of  k, 
to  which  I  shall  have  occasion  hereafiter  to  refer ;  and  having  from 
time  to  time  reviewed  it  with  my  large  instruments,  it  may  easily  be 
supposed  that  it  was  the  very  first  object  to  which,  in  Februaiy 
1787*  I  directed  my  forty  feet  telescope.  The  superior  light  of 
thb  instrument  showed  it  of  such  a  magnitude  and  brilliancy  that, 
judging  from  these  curcomstances,  we  can  hardly  have  a  doubt  of 
its  being  the  nearest  of  all  the  nebulae  in  the  heavens,  and  as  such 
win  afford  us  many  valuable  informations.  I  shall  however  now 
only  notice  that  I  have  placed  it  in  the  present  order  because  iteoil* 
nects  in  one  object  the  brightest  and  faintest  of  all  nebulosities, 
and  thereby  enables  us  to  draw  several  conclusions  from  its  various 
appearance. 

The  first  is  that  the  extensive  diffused  nebulosities  contained  itf 
the  objects  of  the  preceding  articles  are  of  the  same  nature  with  the 
nebulosity  m  this  great  nebula ;  for  when  we  pursue  it  in  its  exten- 
sive course  it  assumes  precisely  the  same  appearance  as  the  before- 
mentioned  diffnsed  nebulosities. 

The  second  consequence  we  may  draw  from  the  circumstance  of 
its  containing  both  the  brightest  and  faintest  nebulosity  joined  in 
one  object,  is  a  confirmation  of  an  opinion  already  conceived  in  the 
second  article,  namely,  that  the  range  of  the  visibility  of  nebulous 
matter  is  what  may  be  called  very  limited.  The  depth  of  the  ne* 
bula  may  undoubtedly  be  exceedingly  great,  but  when  we  consider 
that  its  greatest  brightness  does  not  equal  that  of  small  telescopic 
stars,  as  may  be  seen  by  comparing  four  of  them  situated  within 
the  inclosed  darkness  of  the  nebula,  and  several  within  its  brightest 
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appearance,  with  the  intensity  of  the  nehulouit  light ;  it  cannot  he 
expected  that  such  nebulosities  will  remain  vbible  when  exceedingly 
fother  from  us  than  this  prime  nebula :  the  ratio  of  the  known 
decrease  of  light  will  not  admit  of  a  great  range  of  visibility  withifi 
the  narrow  limits  whereby  thb  shining  substance  can  atfect  the  eye. 

From  this  argument  a  secondary  conclusion  may  be  ilrawpy 
which  adds  to  wbat  has  already  been  said  in  the  foregoing  article, 
namely,  that  if  our  best  telescopes  cannot  be  expected  to  reach  the 
nebulous  matter,  which  by  analogy  we  may  suppose  to  be  lodged 
among  the  very  small  stars  plainly  to  be  seen  by  them  ;  the  actual 
quantity  of  its  difiusion  may  still  farther  exceed  even  ,the  vast 
tibundance  of  it  already  proved  to  exist.  A  nebulous  matter,  dif. 
^sed  in  such  exuberance  throughout  the  regions  of  space,  muat 
surely  draw  our  attention  to  the  purpose  for  which  it  probably  mav 
exist ;  and  it  must  be  the  business  of  a  critical  inquirer  to  attend  to 
all  the  appearances  under  which  it  will  be  exposed  to  his  view  in 
the  following  obser^'ations* 

4.  Of  detached  'Nebulosities, 

The  nebulosities  of  the  preceding  articles  arc  not  restricted  to  an 
extensive  diffusion ;  we  meet  with  them  equally  in  detached  col* 
lections ;  I  shall  only  mention  the  following  six  *. 

V.  21  consists  of  "  A  broad  faint  nebulosity  extended  in  the 
•*  form  of  a  parallelogram  with  a  short  ray  from  the  preceding 
**  comer  towards  the  south.  The  nebulosity  is  nearly  of  an  equal 
•*  brightness  throughout  the  parallelogram,  which  is  about  8'  fong 
•*  and  5  or  6'  broad,  but  ill  defined."    See  Rg.  3,  a,  h,  c. 

5.  Ofmilhf  VubvJce. 

^Vhen  detached  nebulosities  are  small  we  are  used  to  call  them 
nebulae,  and  it  is  already  known  from  my  catalogues  that  their 
humber  \^  very  great.  It  will  therefore  be  sufficient  to  refer  only 
to  a  few,  of  which  the  nebulosity  is  of  the  milky  kindf. 

No.  9  in  the  5th  class  is  '*  A  large,  extended,  broad,  faint  ne- 
^  hula ;  its  nebulosity,  like  that  of  the  preceding  one  (which  is  De 

•  See  I.  92.     V.  21,  26,  36,  41,  42. 

+  See  I.  204.    III.  116.    ly,  7,  20,  30.    V.  9,  25. 
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^  la  Gullets  last  but  oae  in  tbe  catalogue  does  Kebokuses  du  CM 
^  Austral)*  is  of  the  milky  kiad." 

Tbe  ooly  purpose  for  which  the  nebulae  of  these  two  daises  havt 
been  placed  in  this  connection^  b  to  show  that  large  detached  nebi^* 
losities^  whatever  may  be  their  appearance,  as  well  as  those  n^buls 
expressly  called  milky,  partake  of  the  general  nature  of  the  diffiued 
nebulous  matter,  pointed  out  in  the  preceding  articles. 

6,  Of  milky  Nebula  with  Condensation. 

In  looking  at  the  beautiful  nebula  in  Orion  ;  to  which  I  refer, 
because  every  common  good  telescope  will  show  it  sufficiently  we& 
for  the  present  purpose ;  we  perceive  that  it  is  not  equally  bright  i^ 
all  its  parts,  but  that  its  light  is  more  condensed  m  some  places  than 
in  others.  The  idea  of  condensation  occurs  so  naturally  to  us  vfhmt 
we  see  a  gradual  increase  of  light,  that  we  can  hardly  find  a  more 
intelligible  mode  of  expressing  ourselves  than  by  calling  it  con^ 
densed.  The  numerous  instances  that  will  be  given  hereafter  of 
nebulae  that  have  this  kind  of  condensation^  renders  it  unnecessary 
to  refer  to  more  than  the  following  four  t. 

The  first  of  these.  No.  1 1  in  the  first  class,  is  **  A  bright  nebula 
'<  of  some  extent,  although  not  very  large.  It  is  of  an  irregular 
^  figure,  and  the  greatest  brightness  lies  towards  the  middle.  The 
*'  whitishness  of  this  nebula  is  of  the  milky  kmd."    See  figure  4. 

By  attending  to  the  circumstances  of  the  size  and  figure  of  this 
nebula,  we  find  that  we  can  account  for  its  greater  bri|;hti]^  t<}« 
wards  the  middle  in  the  most  simple  manner  by  supposmg  the  ne- 
bulous matter  of  wliich  it  is  composed  to  fill  an  irregular  kind  of 
solid  space,  and  diatit  is  either  a  little  deeper  in  the  brightest  placf» 
or  thai  the  nebulosity  is  perhaps  a  little  more  compressed.,  It  is 
not  necessary  for  us  to  determine  at  present  to  which  of  the^ 
causes  the  increase  of  brightness  may  be  owing ;  at  all  events  it 
cannot  be  probable  that  the  nebulous  matter  should  have  differei^t 
powers  of  shining  such  as  would  be  required  independent  of  depth 
or  compression. 

*  iee  Connoissance  des  Temps  for  1*784,  page  279. 

fdttliuU.  111.457.  ly.  12. 
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1.  Of  Nebulig  which  are  brighter  in  more  than  one  place. 

It  b  not  au  uncommoD  circumstance  tbat  the  same  nebula  is 
brighter  in  several  different  places  than  in  the  rest  of  its  compass. 
The  following  six  are  of  this  sort  *• 

No.  213  in  the  first  class  is  **  A  very  brilliant  and  considerably 
**  large  nebula,  extended  in  a  direction  from  south  preceding  to 
^*  north  following.  It  seems  to  have  three  or  four  bright  nuclei." 
See  fig.  5. 

From  thb  construction  of  the  nebula,  we  may  draw  some  additi- 
onal information  concerning  the  point  which  was  left  undetermined 
in  my  last  article ;  for  since  there  it  was  proposed  as  an  alternative* 
that  the  nebulous  matter  might  either  be  of  a  greater  depth  or  more 
jpmpressed  in  the  brightest  part  of  the  nebula,  then  under  conside- 
ration, we  have  now  an  opportunity  to  examine  the  probabifity  of 
each  case.  If  here  the  appearance  of  several  bright  nuclei  is  to  be 
explained  by  the  depth  of  the  nebulous  matter,  we  must  have  re- 
course to  three  or  four  separate  very  slender  and  deepprojections,  all 
situated  exactly  in  the  line  of  sight ;  but  such  a  very  uncommon  ar- 
rangement of  nebulous  n^atter  cannot  pretend  to  probability;  whereas 
B  moderate  condensation,  which  may  indeed  be  also  accompanied  with 
some  little  general  swelling  of  the  nebulous  matter  about  the  places 
which  appear  like  nuclei,  will  satisfactorily  account  for  their  supe- 
rior brightness. 

The  same  method  of  reasoning  may  be  as  successfully  applied  to 
explain  the  number  of  unequally  bright  places  in  the  difiiised  nebu- 
losities which  have  been  described  in  the  1st,  2d,  and  3d  articles. 
For  instance,  in  the  branching  nebulosity  V,  14,  we  find  three  or 
four  places  brighter  than  the  rest— in  the  nebulosity  No.  44,  of  the 
table  we  have  places  of  different  brightness.  In  the  nebula  of  Orion, 
there  are  many  parts  that  differ  much  in  lustre  j  and  in  V.  37  of  the 
same  article  I  found,  by  an  observation  in  the  year  1790,  the  same 
variety  'of  appearance.  In  all  these  cases  a  proportional  condensa- 
tion of  the  nebulous  matter  in  the  brighter  places  will  sufficiently 
account  for  their  different  degree  of  shining. 

This  way  of  explaining  the  observed  appearances  befaig  admitted, 
it  will  be  proper  to  enter  hito  an  examination  of  the  probable  cause 


«  See  I.  165,  213,  261  •    II.  597,  406.    «I.  49, 
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•of  the  condensation  of  the  nebulous  matter.  Should  the  necessity 
for  such  a  condensing  cause  be  thought  to  be  admitted  upon  too 
slight  an  inductioUj  a  more  detailed  support  of  it  will  hereafter  be 
found  in  the  condition  of  such  a  copious  collection  of  objects^  as  will 
establish  its  existence  beyond  all  possibility  of  doubt*. 

Instead  of  inquiring  after  the  nature  of  the  cause  of  the  condensa« 
tion  of  nebulous  matter,  it  would  indeed  be  sufficient  for  the  present 
purpose  to  call  it  merely  a  condensing  principle ;  but  since  we  are 
already  acquainted  with  the  centripetal  force  of  attraction  which  gives 
a  globular  figure  to  planets,  keeps  them  from  flying  out  of  their  - 
orbits  in  tai^ents,  and  makes  one  star  revolve  aroimd  another,  why 
should  we  not  look  up  to  the  universal  gravitation  of  matter  as  the 
cause  of  every  condensation^  accumulation,  con^resiion,  and  con- 
centration of  the  nebulous  matter  1  Facts  are  not  wanting  to  prove 
that  such  a  power  h^  been  exerted ;  and  as  1  shall  point  out  a  se- 
ries of  phaenomena  in  the  heavens  where  astronomers  may  read  in 
legible  characters  the  manifest  vestiges  of  such  an  exertion^  I  need 
not  hesitate  to  proceed  in  a  few  additional  remarks  on  the  conse^ 
quences  that  must  arise  from  the  admission  of  this  attractive  fitm* 
ciple. 

The  nebula,  for  instance,  which  has  been  described  at  the  begm- 
Ding  of  thb  article,  as  containing  several  bright  nuclei,  has  proba* 
biy  so  many  predominant  seats  of  attraction,  arising  from  a  Btxpe- 
rior  preponderance  of  the  nebulous  matter  in  those  places;  but 
attraction  bemg  a  principle  which  never  ceases  to  act,  the  conse- 
quence of  its  continual  exertion  upon  this  nebula  will -probably  be  a 
division  of  it,  from  which  will  arise  three  or  four  distinct  nebulse. 
In  the  same  manner  its  operation  on  the  diffused  nebulosities  that 
bave  many  different  bright  places,  will  possibly  occasion  a  breaking. 
up  of  them  into  smaller  diffusions  and  detached  nebulae ;  but  before 
I  proceed  with  conjectures,  let  us  see  what  observations  we  have  to 
give  countenance  to  such  expectations. 

8.  Of  double  Nebula  with  joined  Nebulosity. 
In  addition  to  the  instances  referred  to  in  the  preceding  article,  of 

♦  See  Article  «4, 
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nebiitiB  that  biire  more  Aao  oile  centre  of  attraction^  I  give  the  fol* 
lowing  list  of  what  may  be  called  double  nebufae  *. 

The  dl6th  nebula  in  the  second  cktss  to  which  in  the  catalogue  !s 
joined  the  317th,  consbts  of  '^  two  small  fliint  nebufae  of  an  equal 
^*  sice  within  1' of  each  other.  Each  has  a  seeming  nucleus,  and 
*' their  apparent  nebulosities  mn  into  each  other.  Their  relative 
*  **  position  is  in  a  direction  from  south  preceding  to  north  following.'' 
8ee  Fig.  6,  a  and  h. 

Each  of  the  fifteen  objects  referred  to  contains  two  nuclei  or  cen* 
ten  of  attraction,  and  if  the  active  principle  of  condensation  carries 
on  its  operition,  a  divbion  of  then:  at  present  united  nebulosities 
must,  in  the  end,  be  the  consequence.  I  have  given  two  figures  for 
^  samedouble  nebulae.  For  although  the  nebulosities  of  figure  h, 
when  seen  in  the  direction  of  the  dotted  fines  wffl  appear  to  run  to- 
gether, they  may  nevertheless  beat  some  small  distance  from  each 
ortier ;  but  the  same  cau^  which  wiH  bring  on  a  separation  of  it  in 
figure  a,  will  also  make  two  distinct  nebulss  of  figure  i. 

With  regard  to  their  being  double  nebulse,  it  may  be  objected 
'diat  this  double  appearance  may  be  a  deception ;  and  indeed  if  thiii 
were  a  double  star,  instead  of  a  double  nebula,  there  might  be  some 
foom  for  such  a  surmise.  But  on  two  accounts  the  case  is  Very  dif- 
ferent. In  the  first  place,  we  have  not  nebuhe  without  number  at 
aU  distances  to  which  we  might  have  recourse,  in  snpposhig  one  to 
be  fiir  behind  the  other,  as  we  have  stars  behind  stars  to  produce  an 
appearance  of  their  being  double.  lu  the  next ;  if  what  has  been 
sikid  of  the  confined  range  of  the  visibility  of  the  nebulous  matter  be 
ivcollected,  especially  where  it  is  so  iaint  as  in  the  double  nebula 
which  has  been  descrHied,  we  cannot  harbour  an  idea  that  the  two 
objects  of  which  it  is  composed  are  very  far  asunder*  Add  to  this 
their  great  resemblance  in  size,  in  iaintuess,  in  nucleus,  and  in  their 
nebulous  appearance ;  from  all  which  I  believe  it  must  be  evident 
that  their  nebulosity  has  originally  belonged  io  one  conunon  stock. 

9.  Of  double  Nabula  that  are  not  more  than  two  Minutes  from 
each  other. 

To  add  to  the  probability  of  the  separation  of  nebulae,  we  ought 

•  See  1.56,  176,  178,  190.  H,  86,  271,  309,  316,  832.  111.  45,  644. 
IV.  8,28,  CimMiss,  27,  51. 
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to  have  a  considerable  number  of  them  already  separated  •  The  fol- 
lowing twenty-three  are  completely  divided^aUhojugh  not  more  than 
two  minuets  frpip  ope  another*. 

A  description  of  11.  7H  is  *'  Two  pretty  bright  nebulae ;  they  aie 
*'  both  rounds  small)  and  about  ^'  from  each  othjer,  ina  meridional 
*'  direction. 

Qt  III.  755  is  **  Two  very  faints  yety  .small  extended  nebulse 
*'  within  I  J'  from  each  other. 

Tliat  all  Ihese  nebulae  are  rej^ly  double,  is  founded  on  the  reason 
already  assigned  in  the  last  article.  Then  if  we  wpjuld  enter  inio 
some  kipd.of  ex«^Imalion  hew  they  came  to  be  .artangjed  jnto  their 
binary  order^  we  cannot  lia^e^eicourse  to  a  jprpmisciiiaus  scattenqg^ 
which  by  a  calculatipn  .pf  ,cbaoces  .can  never  a^cpwint  for  isudi  a  ptoi-* 
liar  distjr^)ution  of  them-  V^  .W  ,^he  ^ontriM-y^  we  look  to  a  dkisioo 
of  neb^lous  matter  by  the  .(^ctndensiqg  principle^  than  every  paicel  of 
it^  which  had  rq^f^jfi  jUian  one  preponderating  seat  of  atti»c(Lioii  in  iIb 
extent^  ;i\ust  in  the  progress  <>f  tjxo^  h^ve  hejen  divided* 

No  doul^t  ca^  be  sugg^ted  ^q  appoiyot  of  ^he  gcaat  length  of  tine 
such  a  division  imist  have  taikep  ^p,  wb^  we  have  an  etecaity  of  ptit 
duration  to  recur  to. 

10.  Of  doublfi  Nelful(^  qt  9  greater  ^istt^nff  than  ^from  each 

Qtjip', 

It  may  well  be  supposed  that  more  than  one  attractive  center  would 
not  be  so  frequent  a  case  in  small  distances,  as  In  nebulosities  of  a 
jRore  extended  compass ;  aepordingly  we  find  that  separated  nebuhe 
at  more  than  2'  from  each  other  are  much  more  nnmerons. 
The  following  101  double  nebulce  referred  to  will  confirm  thfa 
statement  *. 

;...,     J  .Li    .1  I J  "     ^  ■'!>     »   'tP'  »ii      .1*11.11  III* <■ 

♦  See  I.  116,  190,  !97,  \\.  8,  38,  37,  l^t  178,  kb(^,  7U.  III.  P2,  228, 
^80,  591,  687,  719,  755,  835,  886,  943,  952,  959,  967. 

♦  Sec  I.  28,  36,  90,  145.  11.  17,  44,  5b,  61,  74,  84,  85,  115,  US,  121, 
139,  153,  167,  219,  228,  233,  333,  388,  426,  429,  455,  518,  546,  550, 
680,  614,  679,  684,  692,  751,  764,  787,789,  841,  842,  865,  868,  III.  9, 
1^  35,  44,  51,  62,  97,  117,  121,  127,  129,  138,  154,  159,  162,166,  767, 
17^  196,  199,  210,  216,  23;,  250,  277,  306,  323,  335,  344,  351,  377, 
402,  404,  407,  416,  42^,  431,  511,  546,  551,  572,  574,  592,  629,  6S5, 
«57,  678,  707,  758,  781,  798,  800,  9O0>  887,  869,  897,  917,  957,  959,  974. 
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No.  36  and  87  in  the  first  class  are  "  Two  small  bright  nebular, 
<<  both  a  little  extended/' 

No.  74  and  75  in  the  second  class  are  ^*  Two  pretty  bright  neba« 
'*  Ise;  the  preceding  of  them  is  almost  round ;  the  following  very 
**  much  extended  m  length ;  they  are  not  far  from  the  same  paral- 
''  lel,  and  about  8  or  lO'  distant  from  each  other.** 

No.  127  and  12R  in  the  third  class  are,  **  Two  extremely  faint  n^- 
'<  bulse,  about  3'  from  each  other,  and  nearly  in  the  same  parallel* . 
«<  The  second  is  a  very  little  brighter  than  the  first,  and  is  of  an 
*'  irregular  round  figure.*' 

It  is  remarkable  that  in  the  description  of  all  these  101  nebulse, 
there  are  not  more  than  five  or  six  which  differ  so  much  in  bright- 
ness from  one  another,  that  we  could  suppose  them  to  be  at  any 
considerable  different  dbtance  from  us ;  and  equal  brightness  or 
Aiintneis  runs  through  them  all  in  general ;  but  supposing  that  any 
two  nebulse  should  even  differ  as  much  from  one  another,  as  the 
set  of  the  first  class  which  has  been  described,  is  different  from  the 
Inntness  of  the  last  described  set,  yet  this  would  not  nearly  amount 
to  the  difierence  in  the  brightness  of  one  part  of  the  nebula  in  Orion 
from  that  of  another  of  the  same  nebula. 

11.  O/*  treble^  quadruple,  and  sextuple  Nebula. 
If  it  was  supposed  that  double  nebuls  at  some  distance  from 
each  other  would  frequently  be  seen,  it  will  now  on  the  contrary 
be  admitted  that  an  expectation  of  finding  a  great  number  of  at- 
tracting centers  in  a  nebulosity  of  no  great  extent  b  not  so  proba- 
ble ;  and  accordingly  observation  has  shown  that  greater  combina* 
ticms  of  nebulse  than  those  of  the  foregoing  article  are  less  fre- 
quently to  be  seen.  The  following  list  however  contains  20  treble, 
5  quadruple,  and  1  sextuple,  nebulse  of  this  sort  *• 

Among  the  treble  nebulae  there  is  one,  namely,  V.  10,  of  which 
the  nebulosity  b  not  yet  separated.  **  Three  nebulse  seem  to  join 
**  faintly  together,  forming  a  kind  of  triangle ;  the  middle  of  which 
'*  is  less  nebulous,  or  perhaps  free  firom  nebulosity ;  in  the  middle 

•  Sec  trebUnebuke.    I.  17.    II.  50,  123,  141,  171,  813,  392,  447.  HI. 
85,  94,  117,  156,  300,  358,  382,  592,  873,  900,  945.    V.  10. 
QuadrupU.    II.  482,  568.     III.  356,  358,  56fl, 
Sextuple.    III.  391. 
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*<  of  the  triangle  is  a  double  star  of  the  2d  or  dd  dast ;  more  fiiint 
**  nebulosities  are  following/' 

Among  the  quadruple  nebulae  we  have  III.  358.  '*  Four  nebuls% 
**  all  within  three  minutes.  The  largest  is  faint  and  small  i  the 
**  other  three  are  less  and  fainter.  They  form  a  small  quurtile^  the 
**  largest  being  the  most  north  of  the  preceding  side." 

/'  The  nebulse  which  form  the  sextuple  one  are  all  very  faiirt 
"  and  very  small :  they  take  up  a  space  of  more  than  10  or  12 
*•  minutes." 

12.  Of  the  remarkable  Situation  of  Nebula. 

The  number  of  compound  nebulae  that  have  been  noticed  in  the 
foregoing  three  articles  being  so  considerable^  it  will  follow,  that  if 
they  owe  their  origin  to  the  breaking  up  of  some  former  extensive 
nebulosities  of  the  same  nature  with  those  which  have  bjeen  shown  to 
exist  at  present,  we  might  expect  that  the  number  of  separate  ne* 
bttlae  should  far  exceed  the  former,  and  that  moreover  these  scattered 
nebulae  should  be  found  not  only  in  great  abundance,  but  also 
in  proximity  or  continuity  with  each  other,  according  to  the  dif* 
ferent  extents  and  situations  of  the  fonner  diffusions  of  such  nebu* 
lotts  matter.  Now  this  is  exactly  what  by  observation  we  find  to 
be  the  state  of  the  heavens. 

In  the  following  seven  assortments  we  have  not  less  than  424 
nebulae ;  some  of  them  of  unascertained  size,  figure,  or  condensa^ 
tion ;  and  the  rest  with  only  the  first  of  these  three  essential  features 
recorded. 

The  reason  for  not  having  a  ihore  circumstantial  account  of  such 
a  number  of  objects,  is  that  they  crowded  upon  me  at  the  time  of 
sweeping  in  such  quick  succession,  that  of  sixty-one  I  could  but  just 
secure  the  place  in  the  heavens,  and  of  the  remaining  th^ee  bun* 
dred  and  sixty-three>  I  had  only  time  to  add  the  relative  size*. 

•  See  tixty-one  nekuUe.  II.  30,  66,  68,  70,  109,  114,  117,  1S5,  138, 
170,  174,  176,  345,  361,  390,  391,  496,  499,  541,  542,  543,  572,  573, 
629,  631,  806,  898.  III.  28,  26,  31,  33,  39,  41,  42,  89,  103,  189,  193, 
205,  332,  353,  363,  364,  365,  390,  413,  432,481,483,482,  484,485,669, 
670,  705,  796,  819,  930,  934,  936.     ConnoUs.  84. 

Ten  extremely  tmuU  nebuUe.  III.  98,  108,  194,  195,  230,  238,  297,  52G, 
545,  639. 

One  hundred  and  tHriy'tix  very  emaU  nebuia,  II.  22,  64,  67,  72,  91,  93, 
287,  354,  367,  464,  497,  527,  544,  640,  641,675,  720,  724,  739,  876.  III. 
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Nckher  of  the  nebtilae  in  these  s^ven  divtsiony'wfll  requfrea  cH5« 
fcription,  as  the  title  of  each  assortment  contams  aH  that  has  beefi 
asccrtanied  about  them  ;  but  their  number  and  situation,  especially 
wiMn  added  to  those  that  will  be  contained  in  the  following  articled, 
completely  supports  what  has  been  asserted,  namely,  that  the  pr^ 
•ent  state  of  the  heavens  presents  us  with  several  extensive  collec* 
titns  of  scattered  nebuin,  plahily  indicating  by  their  very  retn^kable 
mnrangement)  that  they  owe  their  origin  to  some  former  common 
stock  of  nebulous  matter. 

To  refer  astronomers  to  the  heavens  for  an  bspection  of  these 
and  the  following  nebnlae,  would  be  to  propose  a  repetition  of  more 
than  eleven  hundred  sweeps  to  them,  but  those  who  wish  to  have 
some  idea  of  the  nebulous  arrangements  may  consult  Mr.  Bode*s 
excellent  Atlas  Oelestis,  A  succession  of  places  where  the  nebulae 
of  my  catalogues  are  uncommonly  crowded,  will  there  be  seen  be- 

«,-13,  22,  24,  34,  37,  38,  104,  111,  140,  164,  166,  186,  190,  237,  247, 
235,  285,  285,  302,  303,  304,  309,  315,  317,  319,  325,  326,  333,  338, 
339,  343,  354,  385,  386,  387,  389,  398,  411,  412,  421,  425,  430,  433, 
435,  437,  443,  444,  453,  459,  4«),  467,  470,  501,  507,  509,  525,539,544, 
578,  579,  607,  618,  623,  625,  634,  638,  640,  641,  645,  650,  652,  659^ 
666,  702,  704,  708,  716,  718,731,  733,  738,  762,  766,  775,  787,  788, 
789,  799,  803,  809,  827,  831,  833,  836,  837,  838,  839,  848,  849,  866,  875, 
883,  884,  894,  895,  905,  912,  913,  919,  956,  960,  961,  962,  965,  966. 

F9rtif'hD6  not  very  $maU  nebulic.  1.119.  If.  65,  73,  100,  163,  248,327, 
352,  375,  382,  472,  606,  639,  765,  821,  838.     III.  17,  30,  249,  281,  321, 

327,  366,  375,  504,  548,  615,  628,  647,  660,  667,  698,  712,  715,  734,  751, 
773,  774,  840,  850,  941.     ConnoU.  89. 

One  hundred  and  seven  small  nebuldB.  I.  25,  123.  11*  18,  42,  46,60,  71, 
92,  94,  169,  264,  294,  324,  343,  350,  351,  316,  363,  374,  379,  381,  395, 
396,  397,  398,  441,  493,  512,  529,  530,559,577,578,  678,710,  743,  778, 
^79,  794/  800.     III.  25',  48,  57,  59,  60i  69,  74,  192,  206,  235,  243,  308, 

328,  329,  334,  337,  350,  380,  420,  446,  456^  462,  464,  473,  478,  502, 
516,  517,529,  550,  588,  611,  65t,  66T,  664,  668,  721,  722,  723,729,761, 
763,  769,  779,  780,  794,  797,  814,  826,  833,  841,  843,  861,  880,  881, 
894,  915,  924,  925,  926,  927,  928,  939,  950,  951,  954,  969. 

J^ftiheight  pretty  targe  nebula.  I.  22,  24,  85,  169,  283.  II.  34,  83, 
107,  119,  137,  146,  292,  342,  358,  362,  366,  380,  383,  384,  385,  386, 
387,  419,  498,  638,  652,670,  713,  745.  801,  844,  862,.  903,  905.  III.  14-, 
18,  40,  70,  75,  76,  102,  213,  261,  279,  318,  340,  367,  372,  374,  415, 
454,  473,  503,  543,  599,  662,  790,  970. 

teniargenebultt.  H.  106,  120,175,  176.  III.  28»  361, 4r40,  480.  V.6. 
Cofifitiff*  58. 
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gi^mng  over  tbe  tafl  of  Hydm,  aud  proceeding  to  tbe  soi^etii 
^ing,  the  body  and  the  northern  wing  of  Virgo,  Plate  14.  I^en 
to  Coma  Berenices,  Canes  venatici,  and  the  preceding  arm  of  Bootes, 
Plate  7.  A  diffisrent  branch  goes  from  Coma  Berenices  to  the  hind 
legs  of  Ursa  major.  Another  branch  passes  from  the  wing  of  Vicgo^ 
to  the  tail  an^  body  of  Leo,  Plate  8. 

It  will  not  be  necessary  to  point  out  many  other  smaller  collec- 
tions which  may  be  found  in  several  plates  of  the  same  Atlas. 

On  the  other  hand,  a  very  different  aspect  of  the  heavens  will -be 
perceived  when  we  examine  the  following  constellations.  Begm« 
ning  from  the  head  of  Capricorn,  Plate  16,  thence  proceeding  to  An- 
tinous,  to  the  tail  of  Aquila,  Plate  9,  to  Ramus  Cerberus,  and  the 
b^dy  of  Hercules,  Plate  8,  to«Quadraus  Muralis,  Plate  7,  and  to  the 
head  of  Draco,  Plate  3.  We  may  also  examine  the  constellations 
of  Auriga,  Lynx,  and  Camelopardalus,  Plate  5. 

In  this  second  review,  it  will  be  found  that  here  th^  ab^nce  of 
nebulsQ.is.as  remarkable,  as  the  great  multitude  of. them  in  the  firsts 
mentioned  series  of  constellations. 

13.  Of  very  narrow  long  Nebula. 

In  order  to  advance  in  our  knowledge  of  the  condition  of  the 
nebulous  natter,  we  may  investigate  the  form  of  its  expansion  by 
the  figure  of  the  nebulae  that  have  been  observed.  The  following 
^ye  are  particular  instances  of  son^e  that  were  much  extended  in 
lepgthy  but  very  little  in  breadth  *. 

No.  254  in  the  3d  class  is  **  A  very  faint  nebula,  extended  from 
"^  north  preceding  to  south  following.  It  is  about  5'  long  and  less 
'"than  ^  minute  broad.**    See  fig.  7. 

Tbe  expansion  of  the  nebulous  matter  in  general  may  be  consi* 
dered  as  consisUng  of  three  dimensions;  these  may  all  be  either 
nearly,equ^l,  or  one  of  them  may  be  much  less  than  the  other  two ; 
or  the  extent  of  two  of  them  may  be  very  inferior  to  that  of  the 
third.  The  nebulae  which  have  now  been  referred  to  exclude  a  nc;^ 
bnlosity  of  three  nearly  equal  dimensions,  which  can  never  be  seen 
under  less  than  two,  of  them.  When  two  of  the  dunensi^ps  of  th< 
nebulous  matter  wcfi  .oeady  equalj  one  of  them  may  indeed  be  only 
▼ifible;  but  then  the  chance  that  the  other  should  be  exactly 

•  $ef  J.  «3>  im^.   Ul.  854»    IVi  72.    Y*80.. 
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iMOiilel  to  the  line  of  sight,  is  by  no  meaos  imvourable.  The  most 
phiusible  way  of  accounting  for  the  apparent  figure  of  these  nebulas 
is,  therefore,  to  admit  that  the  expansion  of  the  nebulosity  consists 
indeed  of  a  very  narrow  length,  and  not  much  depth.  This  form 
when  ascribed  to  nebulous  matter,  is  si^iently  uncommon  for  us 
to  expect  to  see  many  nebulae  of  the  figure  of  extended  rays. 

14.  Of  extended  Nebulee. 
Thb  class  of  nebulse,  which  are  chiefly  extended  in  length,  but 
al  the  same  time  have  a  connderable  breadth,  is  very  numerous.  I 
have  divided  the  nebulae  it  contains,  which  are  284,  into  five  assort* 
ments  as  follows  *• 

II.  514  b  *'  A  faint  nebula  extended  from  south  preceding  to 
''north  following ;  it  is  about  2'  long  and  1'  broad.*'    See  fig.  8. 

III.  523  is  <'  A  very  fiiuit  nebula  extended  from  south  preced<« 
"  ing  to  north  following;  it  is  3  or  4'  long  and  nearly  3'  broad.'' 


*  See  one  hundred  and  nxty'one  extended  nebuUe  of  variout  small  sizes,^^ 
I.  80,  89,  194,  203,  234.  .  II.  14,  53,  72,  82, 108,  133,  145,  164,  206,  260, 
«62,  278,  280,  305,  348,  414,  436,  437,  486,  507,  520,  522,  574,  585, 
€11,  627,  638.  642,  649,  668,  682,  696,  700,  723,  731,  742,  772,  785, 
•786,  802,  809?810>  826,  830,  831,  835,  837,  844,  847,  853,  859,  885. 
III.  4,  23,  56,  58,  65,  66,  73,79,  82,  lOO,  110,  132,  183,  218,225,236, 
«41,  242,  244,  248,  258,  265,305,313,314,  316,  342,347,  348,  355,369, 
370,  406,  410,  419,  427,  429,  441,  442,  445,  450,  479,  487,  490,  494, 
496,  499,  510,  514,  515,  520,521,528,554,  557,567,569,  570,  586,598, 
599,  601,  612,  613,  619,  646,  649,  653,  677,  681,  682,  713,  714,  727, 
730,  732,  752,  767,  771,  778,  783,  792,  804,  806,  808,  811,  812,  813, 
826,  832,  845,  846,  874,  885,  892,  904,  914,  920,  929,  932,  942,  948, 
949,  973. 

Sixly^two  estended  nehulcB  of  various  large  tizes,    I.  14,  20,  76,  141,  189 
212,  215,  220,  253.     II.  3,  17,  23,  63,  113,  126,  134,  147, 152,  156,  165* 
188,  «21,    235,  251,    300,    326,   335,  344,   355,  378,  407,  453,  492,  525, 
548,  566,  579,    595,   607,    619,    620,   671,  687,  703,  750,  755,  762,  799. 
in.  253,  282,  290,  346,  414,  492,498,  508,610,639,740,766,776,921. 

Thirty-one  extended  nehuliB  from  i  to  2'  long,  II.  150,181,  222,  237,  365 
479,510,  514,  535,  582,  624,654,655,  674,  763,  798,807,  829,  881,897* 
899,  901.    III.  203,  368,  506,  556,  620,  648,  692,  906,  907. 

Tmeniy-fouT  extended  ne^lafrom  2  #«  y  long.  I.  94,  174,  201.  II.  227, 
284,  291,  402,  432,  490,  536,  558,  600,  664,  747,  784,  900.  III.  362, 
523,  524,  553,  603,  710,  711,  717. 

Six  extended  nchiktfrom  5  to  W  long.  1. 134, 155^  2$5.  II.  S24.  V.  5,  «3L 
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I;  134  is  <'  A  eimsMkrffbly  Nftlit  n«bala,  7  or  8  minuUs  loitg 

Tbe  cMttidQtfftbb  hilBi^tb  6f  these  ^  nebukB,  ahhougfa  chiefly  ex« 
tedded  in  fengtli^  proves  thet  two  of  tbe  dimensions  of  the  nebulous 
natietv  nmelj^  tbe  bpcfidth  ftttd  d^plb^  are  probably  not  very  dif- 
fefent ;  for  if  tbe  deptb,  >ithich  is  tbe  diaiensioa  we  do  not  see, 
should  be  ei|«al  to  the  kngth^  tbe  cbaoce  of  its  being  out  of  sight  is 
not  iuffimndy  probaiBle  to  happen  very  frfx]ii«ntly.  It  is  therefore 
to  be  supposed  that  the  et tension  in.  length  is:  rc^^Uy  the  greatest; 
for  as  we  actually  see  it  under  this  form>  we  are  assured  that  it  is  at 
least  ds  long  as  it  appears,  whereas  one  of  the  other  dimetmons^  if 
noit  both,  must  cMaidy  be  less  than  the  length.  This  kind  of  ex- 
pansion adfliitii  ot  the  uti^ost  variety  of  lengthened  lorm  and  posi« 
tion  j  and  from  the  gSrcMt  fiun^ber  of  nebalse  lo  which  I  have  re« 
ferredylheexis(iiuce.4>f:S«.cfa  oebulofities  is  fairly  to  be  deduced. 

15.  Of  Nebul^p  tltal  are  jjf  an  irreguiqr  Figure. 

Among  tiie  various  figures  that  may  be  seen  in  nebulae  we  have 
a  great  many  thsd  are  of  an  irr^galar  appearance ;  I  have  divided 
the  following  ninety-three  into  two  assortments  \ 

f.  6l  is  **  A  vjuy  briglit  smsU  nebula  north  £611o|Hug  a  star  of 
**  the  9th  magnilbnde.    It  ia  of  an  irregMlar  fignre/*    See  fig.  9.  > 

II.  289  is  *'  A  feint  pretty  large  nebula ;  it  is  of  an  irregular 
•*  triangular  figure/' 

By  ealbng  the  figure  of  a  nebula  irregular,  it  must  be  understood 
that  I  saw  do  particular  diroension  of  it  sufficiently  marked  to  de- 
serve the  name  of  length;  ibr  liad  there  been  such  a  distinction, 
Msextension  in  tbe  longitiidbiai direction  would  have, been  recorded, 
or,  m  it  frequently  bappeKed»  for  want  of  time,  the  nubula  would 
shortly  have  been  ealled  estendie^.     From  this  consideration  it 


*  6ee«i#<y-««s  irregtUar  nebnUe  of  various  tmall mes^  I.  61,  284.  IT. 
185,  5142,.  959,  «74,  «81,.  306,  339,  415,  445,  586,  597,  601,  605,  647, 
7'44,  Tfily  «a4,  WO,  S9a,  90t.  ,HL  12,  S3,  l?i,  259,  273,  28l,  301,  310, 
456,465,  485,486,  493,  495,  533,  535,  537,  555,  581,582,  605,642,663, 
#75,  6a^,.7W,  7a4>.7«5i  79^  S17,  834^.847,  851,  868,^879,  893,  965, 
9t6,  977. 

Tkirt^wo  irregular  nebula  dfmmimiJargetfies,  I.  138,  246,  248,  282. 
U%  43,  •r,.t4#^«t9»0»6|^Mfi„d6O,4aU  467,, 468,  ^^,  ^(87,  651,681,711, 
'749,  756,  804,  877.    HI.  137,257,  274,  469,. 683,  695,  765,  911,  $38. 
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follows,  that  the  nebulous  matter  mbich  assumes  an  irregular  figure 
when  seen  in  a  telescope,  cannot  be  very  diflferent  m  two  of  its  di« 

'  mensions ;  and  this  leaving  the  third  entirely  undetermined,  it  may 
be  of  greater,  equal,  or  less  extent  than  either  of  the  other  two. 

~  But  to  be  greater  or  less  than  the  dimensions  that  were  seen  it  wonkl 
require  the  particular  situation  of  the  third  dimension  in  either  case 
to  be  in  the  direction  of  the  line  of  sight,  which  b  so  far  at  least  im- 
probable, that  we  may  fairly  suppose  the  unseen  dimension  not  lo 
differ  much  from  either  of  the  former  two* 

16.  Of  Nebula  that  are  afan  irregular  round  Figure. 

The  apparent  figure  of  the  nebuhe  contained  in  the  foregotog 
articles  has  already  assbted  me  in  a  great  measure  to  assign  the  ex* 
panded  form  of  the  nebulous  matter  of  which  they  consist.  The  ir- 
regular  round  appearance  of  the  following  fifly-five  nebulae  how- 
ever, being  of  a  much  more  marked  description  than  XYlt  former, 
will  lead  to  more  decisive  conclusions,  I  have  divided  them  mto 
three  assortments  *. 

No.  177  in  the  thu^  class  is  **  A  very  faint  nebula  of  an  irregular 
'^  round  figure,  about  2  or  3  minutes  in  diameter."    See  fig.  10. 

The  appearance  of  an  nrregukr  round  figure  necessarily  requires 
that  the  extent  of  two  dimensions  of  the  nebulous  matter  should 
be  nearly  equal  in  every  direction  at  right  angles  to  each  other. 
The  unseen  dimensions  may  certainly  be  longer  or  shorter  than  the 
visible  irregular  diameter ;  but  then  it  must  be  absolutely  extended 
centrally  in  the  line  of  sight,  which  is  a  condition  that  has  no  proba- 
bility in  its  favour  5  and  the  greater  the  number  is,  of  such  nebulae^ 
the  less  is  the  probability  that  the  form  of  the  nebulous  matter 
should  be  irregularly  cylindrical,  or  conical.  For,  except  an  irre- 
gular cylinder  or  cone«  placed  in  the  particular  required  situation, 

<  See  twenty  weight  nebula  of  an  irregular  round  figure  ofvmri^ui  tmaUtizes^ 
I.  231.  II.  97,  191,  243,  254,  273,  336,  560,  758,  895,  896.  III.  2(», 
224,  311,  474,  566,  600,  614,  621,  673,  674,  688,  728,  784,  815,  S35, 
'931,  955. 

Twenty-one  nebula  of  an  irregular  round  figure  ofvariout  large  sifeM.  1. 69,. 
108,  161.  II.  197,  240,  494,  513,  537,  538,  552^  685,727,872,890.  III. 
426,447,558,862,876.     V.  7.     C#iifi«M.  70* 

*     Six  nebula  of  an  irregular  r&undfigurt  of^mean  dUOM^trf^im  1  !•  5'.    UL 
131,  177.  223,  261,  542,  617.  '     .         .'    . 
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to  etpaosioii  ot'  the  oelnilotis  matter  but  ah  irregiilar  giobulafr  ooe 
can  be  the  cause  of  the  irregular  round  figure  of  the  above-men- 
timied  nebolae.  Then  since  the  irregukr  globular  form  has  this  ad- 
vantage above  the  cylindrical  aud  conical  figure,  that  it  will  answer 
the  required  end  in  any  situation  whatsoever,  it  is  certainly  tbat 
which  onght  to  be  admitted  as  the  cause  of  the  observed  ap- 
pearand. 

This  methdd  of  reasoning  «pou  the  form  of  the  nebulous  matter 
firom  the  observed  figure  of  nebulse,  will  lead  us  a  step  farther  than 
it  might  have  been  supposed.  For  granting  it  to  be  highly  proba- 
ble, that  the  apfiealraiiee  of  irregular  round  n^buhe  is  owing  to  so 
many  irregular  globular  expansions  of  nebulous  matter,  it  will  be 
necessary  to  direct  our  intention  to  the  cause  which  has  formed 
this  matter  into  such  masses.  To  ascribe  an  highly  improbable 
event  to  chance,  is  not  philosophical ;  especially  as  a  forming  cause 
offisrs  itself  to  our  view,  when  we  direct  an  eye  to  the  globular 
figure  of  the  planets  and  satellites  of  the  solar  system. 

.17.   Of  round  Nebid(z, 

From  what  has  been  said,  it  appears  that  the  figure  of  nebulas  is 
^  subject  of  more  mterest  than  mere  curiosity.  The  following  fifty- 
seven  were  observed  to  be  rounds  and  I  give  them  here  in  four 
assortments  *. 

As  the  title  of  each  sort  gives  all  that  is  necessary  for  the  present 
purpose  relating  to  the  various  sizes  of  round  nebulse,  a  description 
of  one  of  the  last  will  be  sufficient.  The  observation  of  I.  269  says, 
that  it  is  *'  A  considerably  bright  round  nebula  of  about  one  mmut^ 
,    In  diameter/'    See  fig.  ll. 

The  arguments  which  I  have  given  iu  the  foregoing  article^  wtiere 
only  nebulse  of  an  irregular  rouhd  figure  were  considered,  need  not 
be  repeated  when  a  regular  circular  form  is  presented  to  our  view  ; 

•  See  three  round  ntbuUe.     III.  381,  511,  ^SS. 

Fort^-^ne  round  nehildc  of  varioui  tmalt  tizes.  I.  275.  II.  54,  218,  223, 
225,  329,  659,  760,  803.  til.  11,  50,  78,94,  95,96,  149,  150,  180,  181, 
209,  221,  222,  295,  371,  451,  477,  505,  622,  631,  671,  684,  726,  760, 
800,  801,  810,  842,  888,  909,  946,  971. 

Ten  round  nebuUe  <^  various  lar^e  tites.  I.  7,  124,  252.  II.  19,  481, 
889.    III.  54,  77,  112,  452. 

2%ree  round  neiuUtfirom  1  ta  «'  tn  diameter.    I.  269.    II.  593.    V.  16* 
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for  the  ftdditioiid  Bumber  of  nebulBe^,  tad  the  regnAmky  of  their 
figure,  are  both  grestly  in  ikvour  of  a  coodosioii,  thai  the  inaai  of 
the  nebulous  matter  which  occasions  their  appearance  must  be  of  a 
gk)bttlar  form. 

.  In  the  last  article  I  have  only  directed  our  attentioo  to  the  causer 
of  this  very  particular  construction;  but  from  the  obfarf«tions  of 
the  nebulae  above  referred  to,  we  may  now  more  confidently  mmigi 
the  attraction  of  gravitation  as  the  principle  i^hich  has  drawn  the 
nebulous  matter  towards  a  centre,  and  ooHected  it  into  a  spheridrt 
-compass* 

I  have  already  shown  that  the  same  principle  appears  to  be  tile 
causeof  the  condensation  of  the  nebulous  matter  in  the  biighit 
places  of  the  nebulae  that  shine  with  unequal  degrees  of  light  in  the 
difierent  parts  of  their  extent*;  and  a  concurrence  of  arguments 
established  upon  very  difierent  foundations  cannot  fail  to  give  addi* 
tional  weight  to  the  reasonings  by  which  they  are  supported. 

18.  Of  Nebulae  that  are  remarkable  for  some  particularity  in 
Figure  or  Brightness. 

Among  the  nebulae,  which  I  have  described  as  of  an  irregular 
figure,  the  following  might  have  been  iuserted;  but  the  real  form 
of  the  nebulous  matter  of  which  they  consist  is  probably  as  irregu- 
lar as  the  figure  or  brightness  of  the  nebulse  themselves.  I  hav^ 
arranged  thirty-five  of  them  into  three  assortments  f. 

V*  19  is  ''A  considerably  bright  nebula  about  25'  long  and  y 
**  broad ;  its  length  is  divided  in  the  middle  by  a  black  division  i|t 
•*  least  three  or  four  minutes  long.  ^    See  fig.  12.  . 

The  nebulous  matter  of  this  nebula  is  probably  a  ring  in  a  very 
oblique  position  with  respect  to  thi^  line  of  sight. 
.   II.  646  is  "  A  pretty  bright,  large  nebula,  of  an  irregular  figure  ; 
'<  it  is  unequally  bright*'  _ 

♦  See  Article  7. 

+  ^te  two  Mbul(B  of  remarkable  figure.    I.  266.    V.  19. 

Ten  uneguall^  bright  nebvdm.  I.  254.  II.  200,  210,  42{2,  557,  591,  646. 
HI.  142,  245,  534. 

TtDtnijt^hree  nehulB  il^t  are  brightest  on  one  side.  I.  113,  162.  11.  26, 
27,  136, 155,  313,  332,  364,  369,  370,  442,  506,  531^  555,  589,  623.  III. 
120,  153,  286,^6,  700.    V.  22., 
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'  The  hiqftaKt^r  of  Hs  brigfatoesB  in  difl^nt  parb  may  arise  from 
unequal  condensation,  or  from  greater  depth  of  ndi^ulous  matter. 

'  U.  9il$  is  ''  A  pntty  brigbl  nebula,  a  little  extended  in  the 
^  parallel.  The  greatest  brightness  is  towards  the  following  side, 
^  which  is  also  the  broadest ;  the  preceding  part  being  more  like  a 
'5  9ay  proceeding  from  it.** 

The  ir»gidar  figure  of  diese  latter  kind  of  nebulae  may  be  ad- 
wtted  to  arise  lioai  the  is  yet  imperfect  concentration  of  a  nebulous 
toas8|  in  which  the  prepondemtmg  matter  of  it  is  not  in  the  centre. 

19*  Cf  NehtUe  that  are  gradually  a  little  brighter  in  the 
middle. 

The  bvestigatiou  of  the  form  of  the  nebulous  matter  in  the  13> 
14>  15,  and  l6tfa  articles  has  been  founded  only  upon  the  observed 
figure  of  nebulee;  and  in  the  17th  article  the  globular  form  of  this 
matter  deduced  from  the  round  appearance  of  nebulse^  has  been 
ascribed  to  the  action  of  the  gravitating  principle.  I  am  now  en« 
tering  upon  an  examination  of  nebulae  of  which,  besides  their  figure, 
I  have  also  recorded  the  different  degrees  1^  light,  and  the  situation 
9f  the  greatest  brightness  with  respect  to  then:  figure.  These  obser- 
^tions  win  estaUish  the  former  conclusiobs  by  an  additional  mim« 
ber  of  olivets,  and  by  the  decisive  argument  of  their  brightness, 
which  points  out  a  seat  of  attraction. 

In  the  following  four  assortments  are  one  hundred  and  fifty  ne- 
bulni  which  all  agree  in  being  a  little  brighter  in  the  middle.  This 
increase  of  bri^tness  must  be  understood  to  be'  always  very  gra« 
4iitl  firom  the  outside  toward*  the  middle  of  the  nebula,  whatever 
be  its  figttie  i  and  although  this  circumstance,  for  want  of  time,  has 
often  been  left  unnoticed  in  the  observation,  I  am  very  sure  thait 
bad  the  gradation  of  brightnesg  been  otherwise,  it  would  certainly 
not  have  been  overlooked  *• 
■  ■'■'■■■"''■  I  I  1 1  ■  I  I  I  ■ I         ■  ,    f, 

*  See  Thirty-'iwo  nebula^  th§  particular  figure  of  which  has  n^t  been  ascer' 
tmfudj  gradually  a  UttU  brighter  in  the  middle,  II.  201 ,  401 ,  424,  444,  437, 
528,  532,  616,  617,  648,  673,  677,  736,  904.  III.  90,  106, 148,  331,436, 
472,  489,  519,  596,  633,  654,  655,  656,  686,  854,  860,  869,  896,  978. 

Twenty-four  extended  nebuUBf  gradually  a  tittle  brighter  in  the  middle*  H. 
184,  192,  252,  285,  412,  478,  480,  565^  621,  688,  906.  III.  141,  233, 
449,  461,  468,  488,  532,  577,  736,  890.     V.  8,  40,  50. 

Twenty  nebuUe  of  an  irregular  figurey  gradually  a  IHth  brighter  in  the 
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III.  653  IS  **  A  very  fairtt  small  nebula ;  it  is  very  graduillj  a 
*«  little  hrighter  in  the  middle." 

III.  488  is  *'Ayery  faint  extended  nebda,  near  d'long^  and 
<<  above  T  broad;  it  is  gradually  a  littU  brightor  in  the  middle.** 
"Fig.  13. 

II.  5iQ  is  <'  A  very  large  and  pretty  bright  nebula  of  an  irragu«' 
<'  lar  figure ;  it  is  a  Uttle  brigbter  in  the  middle.'*    Fig.  14. 

II.  812  is  "A  faint,  small,  round  nebi^;  it  is  very  gradually  a 
**  little  brighter  in  the  middle,  and  the  increase  of  brightness  begmi^ 
<*  at  a  distance  from  the  center.**     Fig.  J  5. 

It  is  hardly  necessary  to  say  that  the  united  testimony  of  so  many 
objects  can  leave  no  doubt  about  the  central  seat  of  attraction, 
which  in  every  instance  of  figure  is  pointed  out  to  be  in  the  middle. 

The  only  remark  I  have  to  make,  relates  to  the  exertion  of  the 
condensing  power,  whjch  in  the  cas^  of  these  nebula  appears  to 
have  produced  but  a  very  moderate  efiectt  This  may  be  ascribed 
either  to  the  unshapen  mass  of  nebulous  matter  which  would  re* 
quire  much  time  before  it  could  come  to  8(^me  central  arrangement 
of  fprm  either  ip  length,  or  in  length  and  breadth,  or  lastly  in  all 
its  three  dimensions.  It  may  also  be  ascribed  to  the  small  quai^y 
of  the  preponderating  central  attractive  matter;  or  even  to  the 
shortness  of  its  time  of  s^cting :  for  Uk  this  cas^  ipiUigps  of  years 
perhaps  iqre  but  moments, 

£0.  Of  Nebula  which  are  gradually  brighter  in  the  middle^ 

By  the  general  description  of  a  nebula,  when  it  is  said  to  be  gra- 
dually brighter  in  the  middle,  we  are  to  understand  that  its  light 
was  observed  to  be  obviously  brighter  about  the  center  than  in  other 
parts.  Had  the  nebulae  of  this  class  been  only  a  little  brighter,  or 
bad  tbeybeen  much  brighter  in  the  middle,  such  additional  ex« 
-        —  1       '  I   1 1   I      J   ■■ 

middle.     II.  213,  357,  403,  471,  487,  491,  524,  533,  594,  717,  729.    IIJ. 
«72,  428,  434,  62«,  690,  857,  903,  947.     V.  29. 

Stventy-four  round  or  neat  ly  round  nebuhty  gradually  a  little  brighter  in  the 
middU.  II.  7,  40,  102,  129,  131,  162,  190,  249,  258,  267,  276,  286, 
290,  308,  320,  338,  428.  459,  474,  476,  477,  509,  516,  526,  602,  637, 
699,  726,  737,  770,  780,  797,  811,  812.  III.  62,  fi3,  94,  105.  121,  122, 
123,  las,  162,  163,  252,  292,  296,  2il8,  330,  388,  409,  448,  466,  497, 
522,  597,  608,  665,  680,  746,  750,  753,  818,  822,  823,  824,  858,  867, 
B8?,  891,  903,  917,  9 J 8,  923, 
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pMMioiis  woald  certeioly  ha?^  been  iised ;  except  where  time  would 
not  allow  to  be  more  particular.  I  have  sorted  two  hundred  and 
tweuty^ree  of  these  nebula  like  the  foregoing^  according  to  their 
figure,  into  four  dasaes  *• 

II.  409  is  ''  A  pretty  bright  and  pretty  large  nebula ;  it  is  very 
'*  gradually  brighter  in  the  middle.** 

I.  55  is  "  A  considerably  brighty  extended  nebula  about  4'  long 
*'  and  2'  broad,  in  a  meridional  direction ;  it  is  gradually  brighter 
"  hi  the  middle."    Fig.  l6. 

I.  266  is  *'  A  considerably  bright,  and  pretty  large  nebula,  of  an 
**  irregular  figure ;  it  is  gradually  brighter  in  the  middle."  Fjg.  1 7. 

I.  98  is  '<  A  considerably  bright,  and  pretty  large  roand  ne« 
*^  bula ;  it  is  brighter  in  the  middle,  the  brightness  diminishing. 
'*  very  gradually  from  the  center  towards  the  circumference*'* 
F^.  18. 

From  the  account  of  these  nebulae,  we  find  again  that  all  what 
has  been  said  concerning  the  seat  of  the  forming  and  condensing 
power  of  the  nebulous  matter,  is  abundantly  confirmed  by  obser- 
vation. 

I  have  only  to  remark,  that  the  exertion  of  the  gravitating  prid- 

*  See  Thirtjf-nine  nebuke  of  an  uruucertaitudjiguref  gradually  brighter  in 
<Ae  middU.  1.  19,  49,  264.  II.  24,  49,  87,  88,  89,  90,  319,  337,  347, 
36«,  373,  409,^*40,  515,  534,  590,  610,  634,  636,  672,  683,  830,  840, 
856,  857,  858,  860,  861,  863.     III.  275,  584,  587,  602,  872,  892,  935. 

J^/Qf  extended  nebuke  gradually  brighter  in  the  middle,  1.  1,  55,  62,  131, 
199,  241,  259,  263,  279.  II.  1,  10,  52,  77,  95,  132,  135,  157,  203,  205, 
«11,  253,  266,  302,  325,  405,  417,  508,  539,  545,  583,  592,  613,  625, 
643,  656,  667,  697,  709,  730,  773,  880,  882.  III.  246,  267,  589,  594, 
864,902.    V.4,39. 

JWM^-Nine  nebuhB  of  an  irregular  figure,  gradually  brighter  in  the  fniddU* 
I.  95,  196,  227,  266.  II.  36,  56,  96,  130,  226,  265,  295,  314,  353,423, 
433,  434,  475,  488,  553,  596,  65t  663,  690,  793,  819,  825,  687.  III. 
397,  500. 

One  hundred  and  Jive  round,  or  nearly  round  nehule,  gradually  brighter  in 
ikemiddie.  I.  5,  12,  54,  70,  98,  106,  120,  148,  168,  186,  211,  222,229, 
842,  245,  274.  II.  50,  51,  128,  151,  158,  160,  161,  196,  208,  224,^47, 
855,  256,  263,  275,  293,  307,  312,  330,  331,  533,  359,  376,  399,  408, 
411,  435,  458,  461,  465,  511,  517,  523,  562,  567,  580,  588,  594,  614, 
615,  622,  632,  633,  635,  662,  712,  719,  741,  769,  777,  792,  817,  818, 
845,  851,  852,  865,  866,  873,  879,  883,  884,  888,  902.  III.  2,  88,  107, 
138,  139  220,  491,  527,  541,  709,  694,  739,  749,  825,  829,  865,  870 
871,  882,  889,  900,  933,  937,  940,  972. 
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eiple  in  these  nebulte^  k  in  a  movt  advanced  wtUbe  tiian  with  dMit 
o^  the  last  article ;  and  that  the  saiBc  concepthmt  which  have  aU 
ready  been  suggested,  namely,  the  oiigioai  form  of  the  nabnloiM 
matter ;  its  quantity  in  the  seat  of  the  attracting  principle ;  and  the 
kngth  of  the  time  of  its  action,  when  properly  considerad,  will 
sufficiently  account  for  the  present  state  of  theia  uebulae* 

9i\.Of  'Sebults  that  are  gradually  much  brighter  in  the  tmddle. 

The  nebulous  matter  which  appears  under  the  various  forms  of 
the  following  four  assortments,  containing  two  hundred  and  two 
iiebui8%  assumes  now  a  more  condensed  aspect^  than  that  under  which 
it  was  seen  in  either  of  the  two  foregomg  collections ;  and  thus  by 
its^gradnally  greater  coropressioui  gives  us  a  still  more  decisive  indi* 
cation  of  the  central  seat  of  attraction  *• 

II.  828  is  «*  A  pretty  bright  small  nebula,  very  gradually  much 
*«  brighter  in  the  middle." 

I.  101  is  *'  A  considerably  bright  pretty  large  nebula,  extended 
•«  in  the  meridional  direction,  about  4'  or  5'  long ;  much  brighter  in 
«^  the  niiddle."     In  the  fprty  feet  telescope  I  saw  the  very  gradual 

•'  Sec  Tn^nty'five  neltula  of  unascertained  figure,  gradually  much  brighter 
in  the  middle.  I.  73,  121,  127,  140,  155,  181,  287.  II.  35,  177,  187, 
299,  439,  452,  540,  653,  65$,  669,  686,  694,  795,  828,  ^5,  871.  III. 
863.^   Connois^  99. 

Fifty^four  sxUnded  nebul<Py  gradually  much  brighter  in  the  middle.  I.  29, 
91,  33,  35,  38,  53,  58,  64,  72,  82,  86,  92,  97,  101,  104,  125,  154,  157, 
164,  184,  209,  233,  230,  274,  271,  277.  II.  12,  13,  31,  37,  189,  919, 
831,  282,  318,  416,  431,  463,  504,  604,  612,  626,  691,  701,  709,  704, 
795,  753,  775,  875.     HI.  179,  198,    V.  47.     Connot*.  49. 

Jfin^teen  nebula  of  an  irregular  figure,  gradually  much  brighter  in  the 
pUddU.  I.  10,  26,  59,  66,  109,  110,,J14,  115,  919,  235,  937,  276.  11. 
8,  20,  438,  503,  734,  827.     III.  299. 

One  hundred  and  four  round  or  nearly  round  nebuUe,  gradually  much  brighter 
in  the  middle.  I.  8,  16,  21,  30,  42,  63,  65,  67,  68,  74,  79,  83,  87,  88, 
100,  102,  105,  in,  U2,  118,  129,  135,  136,  142,  144,  147,  150,  I5i, 
1&9,  166,  171,  175,  182,  185,  216,  218,  221,  239,  938,  944,  957,  260, 
8#5,  ^73,  278^  II.  5,  11,  38,  69,  98,  148,  230,  236,  245,  250,  267,269, 
970,  277,  288,  299,  301,  303,  209,  311,  328,  418,  420,  446,  462,  4W, 
^56,  56 J,  564,  575,  598,  ^32,  $44,  645,  660,  666,  695,  707,  798,  738, 
7^7,  767,  774,  782,  816,  823,  839,  854.  $74.  III.  250,  984,  519,  531, 
624,  744,  859,  878.    Connois,  59,  96. 
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aiweafl^  ^  .t>rigbtM»  t^wtids  the  midiki  of  its  kogth ;  a  longer 
ejftoAt  of  the  Mbirf^  w^also  viiibte,    Fig»  19* 

I.  2ig  is  ''A  very  bright  considerably  large  nebula  of  ai| 
*<  irregular  figure,  very  gradually  much  brighter  in  the  middle.'* 
Fig.  ». 

h  63  is  ^'  A  btight  foibh)  nebula  of  about  one  inioote  iu  diame- 
"  ter ;  it  is  much  iM-ighter  jn  the  middlei  and  very  iaint  toward  IIm 
«•  bc»-der."    Fig,  21. 

The  greats  difference  between  the  coaiparative  brightness  of  the 
center^  and  the  outwanl  parts  of  these  ttebulis;  may  ceitfiinly  be 
ascribed  to  the  same  causes  that  have  been  oonsidefed  in  the  two 
foregoing  articles ;  but  in  the  present  case,  and  taking  into  the  ao- 
eouut  that  this  is  already  a  third  step  of  condensation  from  a  little 
brighter  to  brighter;  then,  to  wmk  brighter;  thete  appean  to*  be 
some  foundation  for  supposing  rather  that  this  greater  effect  is  pro* 
duced  by  a  longer  time  of  the  actioo  of  the  attiactive  principle^  t^ao 
that  it  should  arise  merely  from  ao  original  more  fiiv ourable  en^ 
pansion  of  thn  nebatous  mister* 

£2.  Of  tlk€  'Nebula  thai  have  a  Cometic  appearance* 

Among  the  numerous  nebalsfe  I  have  seen,  there  are\  many  tiifll 
have  the  appearance  of  telescopic  comets.  The  following  art  of 
that  sort*. 

I.  4  is  ''A  pretty  large  coniettc  nebula  of  consMerabie  bt%fa^ 
**  ness;  it  k  much  brighter  in  the  middle,  and  the  very  iaint  chet«h 
*'  lure  is  pretty  extensive.''    Rg»  22. 

By  the  appellation  of  cometic,  it  ^was  my  intention  to  eipress  k 
gradual  and  strong  increase  of  brightness  towards  the  center  of  k 
nebulous  dbject  of  a  round  figure ;  hating  also  a  fiiint  tbevelure  or 
coma  of  some  extent,  beyond  the  faintest  part  of  the  lighfi  gra** 
dually  decreasing  fi*om  the  center. 

It  seems  that  this  species  of  nebulso  contains  a  somewhat  greater 
degree  of  condensation  than  that  of  the  round  nebulae  of  the  last 
article,  and  might  perhaps  not  very  improperly  have  been  included 
in  their  namber*  Their  great  jrasemblance  ia  telescopic  comets^ 
however,  is  very  apt  to  suggest  the  idea,  that  possibly  such  smaH 

*  See  Seventeen  cometic  nebula^  It  3,  4,  34,  217.  II.  6,  15,  33,  59, 
104,  153,  154,  341,  315,  404.    III.  5,  21,    ConnQis.  95. 
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telescopic  comets  as  oilen  mit  our  ndgliboorfaood  nay  be  con* 
posed  of  nebulous  matter,  or  may  lb  fact  be  such  big^fy  coodemed 
nebulae. 

23.  Of  Nebula  that  are  suddmly  much  brighter  in  the  middle^ 

'  From  the  tbird  degree  of  visible  condensation,  I  have  in  the  21st 
article  intimated,  tb^t  the  length  of  the  time  of  the  action  of  the  at- 
tracting principle,  would  exfriaiu  the  observed  gradual  accumulation 
of  the  nebulous  matter.  In  the  following  eighteen  nebulae  we  may 
see  a  still  more  advanced  compression  of  it,  amounting  almost  to 
the  appearance  of  a  nucleus*. 

II.  814  is  *<  A  small  faint  nebula,  very  suddenly  much  brighter 
•«  in  the  middle." 

I.  39  is  **  A^ery  bright  nebula,  extended  from  south«preceding 
^  to  northfollowing,  about  4'  or  5'  long,  and  3'  broad;  it  is  much 
<'  brighter  in  the  middle,  but  the  brightness  breaks  off  abruptly,  so 
^  as  almost  to  resemble  a  nucleus.*'    Fig.  23. 

1. 256  h  "  A  very  bright  pretty  large  nebula  of  an  irregnlar 
'<  figure ;  it  is  suddenly  much  brighter  in  the  middle.*'    Fig.  24. 

h  99  is  ''A  very  bright,  small  round  nebula ;  it  is  very  suddenly 
«<  much  brighter  in  the  middle/'  Fig.  25. 
'  From  the  appearance  of  these  nebulse,  we  see  plainly  that  a  pro- 
gressive concentration  of  the  nebulous  matter  has  an  existence ;  ijt 
is  also  remarkable  that  the  condensation  in  long  nebulae  inclines 
towards  the  sbi^pe  of  a  nucleus,  as  well  as  in  round  ones,  which  caa 
be  ascribed  only  to  the  continued  action  of  the  attraoting  princq>le, 
tendbg  to  draw  the  nebulous  extended  expan^n  into  a  globular 
form. 

A  nucleus,  to  which  these  nebulae  seem  to  approach,  is  an  indi 
cation  of  consolidation  $  and  should  we  have  reason  to  conclude 
that  a  solid  body  can  be  formed  of  condensed  nebulous  matter,  the 
nature  of  which  has  hitherto  been  chiefly  deduced  from  its  shiniug^ 

*  See  One  nebula  of  unascertained  Jigure^  suddenly  much  brighter  in  the 
middle^    II.   814. 

Seven  extended  nebuUe^  suddenly  muck  brighter  in  the  ndddts.  I.  39,  91 , 
96,  300.     II.  183,  505.     Connois*  66. 

Ttoo  nebula  of  an  irregular  fit^re^  suddenly  much  brighter  in  the  middle*  J. 
256.     II.  521. 

Eight  round  or  nearly  round  nebula,  suddenly  much  brighter  in  the  middlit* 
1.99,138.    11.410,413,698.     111.351,685.    C^iutoif .  54. 
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quality,  we  n&y  possibly  be  able  to  view  it  with  respect  to  soow 
6tlier  of  its  (nroperties. 

94.  Of  round  NebitLe  increasing  gradiially  in  brightness  up  to 
a  Nucleus  in  the  middle. 

It  has  already  been  proved,  from  the  figure  aud  central  bright- 
ness of  round  nebulae,  that  the  nebulous  matter  of  which  they  con^ 
sist  must  be  admitted  to  be  of  a  globular  form ;  but  the  following 
thirteen  nebulse  lead  me  to  a  remark  which  not  only  applies  to 
them>  but  to  all  the  round  nebulse  of  the  last  five  articles,  which 
fidded  to  these  amount  to  three  hundred  and  twentyH>ne.  They 
are  not  only  round,  but  the  giudual  condensation  fropa  the  circum- 
ference to  the  v^ry  center  being  of  equal  density  of  light  at  equal 
central  distances,  every  ring  or  circle  drawn  round  the  center  bears 
witness  to  the  existence  of  a  central  attraction.  For  whatever  may 
be  the  mteusity  of  the  rati^  of  the  concentration  at  any  given  cen- 
tral distance,  it  follows,  from  the  equality  of  brightoeas  at  the  as- 
sigbed  distance,  that  no  figure  i)ut  a  globular  one  can  with  anj 
fchid  of  probability  explain  the  appearance ;  and  that  the  concen* 
tration,  as  well  as  the  figure,  is  produced  by  a  general  gravitation  of 
the  nebulous  matter  *• 

I.  151  Is  *'  A  considerably  bright  and  considerably  large,  round 
**  cometic  nebula ;  it  is  very  gradually  much  brighter  in  the  middle^ 
*'  with  a  nucleus  in  the  center."    Fig.  26. 

From  the  description  of  these  nebulss^  we  find  that  an  actual 
nucleus  has  been  formed  in  the  attracting  center;  and  that  conse« 
quently  a  certain  degree  of  consolidation  of  the  nebulous  matter  is 
highly  probable;  for,  although  the  quality  of  shining  only  points 
eut  the  existence  of  something  that  is  luminous,  yet  from  analogy 
we  have  reason  to  conclude  that  certain  material  substances  must 
be  present  to  produce  !he  light  we  perceive ;  and  that  they  must  b^ 
opaque,  may  be  inferred  from  every  thing  we  know  about  shining 
^bstances. 

25.  Of  'Nebula  tJuit  have  a  Nucleus. 
It  may  be  expected   that  some  considerable  change  will  take 
place  in  the  appearance  of  a  nebula  after  it  has  come  to  a  certain 

•  jSee  I.  2,  6,  132,  151,  173,  236,  272.      II.  25,  IB9,  716,  t64.     lU. 

AJ8.    jy.  6. 
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dsgne  of  eontkiiu^  gr^dind  eondeosatioa.  We  are  ft  yet  so  U((|» 
acquainted  with  the  nature  and  distribution  of  this  matter,  that  ao 
application  of  mathematical  calculations,  founded  on  the  attraction 
<$f  giavitation,  for  want  of  data,  cannot  be  applied  in  order  ta 
suggest  tons  what  appearance  might  next  be  expected;  I  shall 
therefore  proceed  in  a  regular  manner  to  give  the  observationsy 
wliicfa  8h«w  what  these  appearances  are,  without  entering  into  any 
H^oretical  discussions. 

In  the  following  two  assortments  we  have  forty  nebulse** 
Number  63  of  the  Connoissance  des  Temps  is  *  A  very  bright 
^  nebula,  extending  irotti  uorth-precedii^  to  soutb-foUowiug  9 
M  er  IC/taig,  and  near  4l  broad ;  it  has  a  very  briUiant  nudeus." 

tig-  «7. 

I.  lOf  is  ^  A  very  br^ht  round  nebula,  about  1^  minutes  m 
^  diameter ;  it  has  a.  bright  nucleus  m  the  middle."    Fig.  28 

The  nutetei  of  these  nebulsB,  after  what  has  been  proved  of  the 
enisteiice  of  •  condensmg  power,  I  need  not  hesitate  to  ascribe  to 
fbe  longer  eontinuaace  of  its  action,  which  appears  to  brmg  on  a 
consdidation;  and  that  this  may  be  the  consequence  we  may  con- 
dude,  not  orfy  firom  the  power  of  condensing,  which  armies  a  suf* 
ficient  quantity  of  matter,  but  also  from  the  quality  of  shinmgi 
for  this  proves  that  the  substance  which  throws  out  the  nebulous 
light  is  endowed  with  some  other  of  the  general  qualities  of  matter 
besides  that  of  gravitation. 

A  secohd  remark  I  have  to  make  is,  that  the  opaque  nature  of 
the  nebulous  matter  whidi  was  before  inferred  from  analogy,  if 
here  supported  by  observation ;  for  these  consolidated  nuclei  have 
a  considerable  resemblance  to  the  disks  of  planets ;  and  if  this  mat- 
ter consisted  only  of  aluminofus  substance,  the  increase  of  ligh^ 
^ould  probably  far  exceed  thew  observed  lustre :  this  being  the 
case,  the  power  of  arresting  light  m  its  passage  is  an  additions^ 
quality,  very  different  from  those  which  have  already  been  men- 
tioned, and  seems  to  be  analogous  to  properties  which  we  know  to 
belong  to  hard  and  solid  bodies. 

•     ♦  StcTweniy^€ven€Xiend9dntbuUB,  withanucUus.     1.  43,  77,  126,  156, 
170,  180,  $08,  224,  240,  250,    255,   270,    280,  281,     II.  238,    460,   759, 
.768,  796,  840,  849,  891.     V.  18,  24,  48.     ConnoUs,  63,  101. 
•   JThirtem  round  or  nom-lif  round  nebuUcj  with  a  nucleus,     I.  107,  133,  139, 
152    167,  203,  225.    H.  99,  501,  746,754,    III,  178.    ConnoUs.  90. 
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tS.  Of  extended  Nebuke  tlmt  Aow  the  Progvem  rf  C^ndm^ 

mtion. 

Wb^n  the  nebulous  matter  is  much  extended  in  lengths  it  ap- 
pears from  the  following  nebul^e^  that  with  those  which  have  a  nu« 
^cleus  completely  formed,  the  nebulosity  ort  each  side  of  it  is  eom- 
paratively  reduced  t6  a  feinter  state  than  it  is  in  nebulae  of  whicfc 
the  nucleus  is  apparently  still  in  an  ineipient  state.  These  Yaittt 
opposite  appendages  to  the  nucielis  I  have  in  my  observations  called 
branches.  * 

In  some  nebulae  there  is  aUo  an  additional  sttitM  faint  iteblilosity 
of  a  circular  form  about  th6  nucleus,  atid  thls't  have  esUl^dthe 
clievelure.  The  following  two  assortments  contain  tWehty-eight 
nebulae  of  this  kind  *• 

Number  65  of  the  Connmsance  is  '*  A  very  bHlRant  nebula  ex^ 
"  tended  in  the  meridian,  about  12^  long.  It  has  a  br^bt  nud^us, 
**  the  light  of  which  suddenly  diminishes  on  its  bolder,  und  two  op)> 
"  podte  very  feint  branches.*'.    Fig.  29. 

I.  205  is  <'A  very  brilliiat  nebula,  5^  or  &  long  and  d'ov  < 
''  brood ;  it  has  a  small  bright  nucleus,  with  a  feint  obevelum  about 
**  it,  and  two  q[>posite  very  extensive  branches/*    Fig.  30. 

The  construction  of  these  nebulae  is  c^aii%  complicated  anil 
mysterious,  and  in  our  present  state  of  knowledge  It  woald  be  pr^- 
sumptuous  to  attempt  an  explanation  of  it :  we  can  only  form  9 
few  distant  surmises,  which  however  may  lead  to  the  fldllowing 
queries.  May  not  the  feintness  of  the  branches  arise  Aroma  gra* 
dual  dimiiMtion»  of  the  length  and  denuty  of  the  nebulous  matter 
contained  in  them,  occasioned  by  its  gravkation  towards  (;be  nuqleiis 
into  which  it  probably  subsides!  Are  not  these  faint  nebiilous 
brandies  joining  to  a  nucleus,  upon  an  imrneuse  scale^  somewbs^ 
Jike  what  tbe  zodiac^  light  is  to  our  sup  in  miniature  1  Does  uqt 
thechevdure  denote  that  perhaps  some  of  the  ndmlous  matter  sliil 
feoKiining  in  the  branches^  before  k  subsides  into  a  nuoleMS*  begins 
to  take  a  spherical  form,  and  thus  assumes  the  semblance  of  a  feint 

See  noentif'thret  extended  nebula  wHh  a  nucleus  and  ttbo  opporite  faint 
hrwUlM.  I.  S,  13,  15,  27,  32,  75,  130,  160,  IfiS,  187,  188,  195,  ««^» 
228,  230.     II.   101,  650,  733.     IV.  61.     V.  43.     Connoiss.  65^  83)  98*    ' 

Fhe  iMk  a  nuckus^  thewlurt  Md  branches.  I.  194,  905^  210.  T.  45. 
Cimnoi$$,  94. 
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^hevdare  tiirroiuidibg  it  in  «  coaeeBtric  arriogeineiil  t  And,  if  ^ 
may  ventme  to  extend  these  queries  a  little  farther— will  not  the 
matter  of  these  branches  m  their  gradual  fall  towards  the  nucleus^ 
when  discharging  their  substance  into  the  chevelure,  produce  a  kind 
of  vortex  or  rotatory  motion  1  Must  not  such  an  effect  take  ptace, 
unless  we  suppose^  contrary  to  obsenration^  that  one  branch  is  ex« 
actly  like  the  other;  that  both  are  exactly  in  a  line  passing  through 
the  centef  of  the  nucleus,  by  way  oi  causing  exactly  an  equal  stream 
of  it  from  each  branch  to  enter  the  chevelure  at  opposite  sides ; 
and,  this  not  being  probable,  do  we  not  see  some  natural  cause 
which  may  give  a  rotatary  motion  to  a  celestial  body  in  its  very 
formation) 

37.  0/  round  NeBuIa^  that  show  the  Progress'of  Condensation^ 

^  When  rbiind  nebulae  hate  a  nucleus,  it  is  an  indication  that  they 
have  already  undergone  a  high  degree  of  condensation.  From  then- 
figure  we  are  assured  that  the  form  of  the  nebulosity  of  which  they 
are  composed  is  now  spherical,  whatever  may  have  been  its  ori- 
ginal shape;  and  being  surrounded  by  a  chevelure,  we  may  look 
upon  its  different  evanescent  degrees  of  faintness  as  a  sign  whereby 
to  judge  of  the  gradual  progress  of  the  consc^idation  of  the  nu- 
cleus. The  following  seventeen  nebulae  are  given  in  two  assort* 
ments*. 

IV.  23  is  ''A  considerably  bright  nebula  with  a  very  bright  nur 
♦'  cleus^  and  a  chevelure  about  3  or  4f  in  diameter."    Fig.  31. 

in.  99  is  '*  A  small  nebula  with  a  pretty  bright  nucleus  and  very 
^  faint  chevelure }  it  is  almost  like  a  nebulous  star.*'    Fig.  32. 

The  chevelure  of  these  nebulae  consists  probably  of  the  rarest 
nebulous  matter,  which  not  having  as  yet  been  consolidated  with 
the  rest,  remains  expanded  about  the  nucleus  in  the  shape  of  a  very 
extended  atmosphere;  or  it  may  be  of  an  elastic  nature,  and  be 
kept  from  uniting  with  the  nucleus,  as  their  elasticity  causes  the  at- 
I     ■  ■  »       '    ■  I  III    .  1 1 1  -     11 

*  See  Fifteen  round  or  nearly  round  mMa<,  with  a  nucleui  m^d  faint  chev" 
lure.  I.  40,  137,  226,  242,  251,  262.  II.  321.  III.  291,  373.  IV,  23, 
54,  56,  59,  76.     Connoiss,  32. 

Tipo  nebuke  with  a  nuclfut  and  chevelure  rcstmbUng  nebuloui  ttan,  tU  32. 
III.  199. 
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itiospb^es  of  the  plaaels  to  be  expanded  about  tfaem*  Li  this  caae 
we  have  another  property  of  the  nebulous  substmce  to  add  to  the 
46no^  qualities  of  its  matter. 

With  those  nebulae  where  this  cbevelure  is  uncommonly  faints 
and  the  nucleus  very  bright,  the  consolidation  appears  to  have 
'reached  a  still  higher  degree^  and  their  resemblance  to  nebulous 
stars  may  lead  to  very  interesting  consequences. 

28.  Of  round  Nebulce  that  are  almost  of  an  uniform  Idght. 

The  argument  that  the  nebulous  matter  is  in  some  degree  opaque 
which  is  given  in  the  25th  article,  will  receive  considerable  support 

.  IVom  the  appearance  of  the  following  nebulie ;  for  they  are  not  only 
round,  that  is  to  say  the  nebulous  matter  of  which  they  are  com- 
posed  is  collected  into  a  globular  compass,  but  they  are  also  of  « 
light  which  is  nearly  of  an  uniform  intensity,  except  just  on  the  bor- 

-ders.     I  give  these  nebulae  iu  two  assortments  *• 

Number  gj  of  the  Connoissance  is  ''  A  very  bright,  round  ne- 
**  bula  of  about  $'  iu  diameter ;  it  is  nearly  of  equal  light  through- 
**  out,  with  an  ill«defined  margin  of  no  great  extent" 

IV.  IS  is  ^'  A  pretly  faint  nebula  of  about  1^  diameter;  it  is  per- 
*'  fectly  round,  and  of  an  equal  light  throughout;  and  the  edges  of 
<<  it  are  pretty  well  defined.*"    Fig.  33. 

Admitting  that  these  sixteen  nebulae  are  globular  collections  of 
nebulous  matter^  they  could  not  appear  equally  bright,  if  the  nebu« 
losity  of  which  they  are  composed  consisted  only  of  a  luminous  sub- 
stance perfectly  penetrable  to  light ;  at  least  this  could  not  happen 
unless  a  certain  artificial  condensation  of  it  were  introduced,  wjiidi 
can  have  no  pretension  to  probability  in  its  favour.  Is  it  not  ra- 
ther to  be  supposed,  that  a  certain  high  degree  of  condensate 

.  has  already  brought  on  a  sufficient  consolidation  to  prevent  tlie 

.  penetration  of  lights  which  by  this  means  is  reduced  to  a  sup^« 
ficial  pknetary  appeuance  ?  r 

£9.  Of  Nebula  that  draw  progressively  towards  a  Period  <f 

final  Condensation. 
.     In  the  course  of  the  gradual  condensation  of  the  nebulous  matter* 

•  See  Four  from  ^  to  V  in  diameter,    IV.  50,  62,  67.    Connoiss,  91. 
Twelve  nehUde  from  iofa  mimtie  to  8'  ih  dktmeter.     1. 267.    II.  186,  209, 
705,  836,  870.    III.  152,  877.    IV.  15,  U,  t^  39. 
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It  maj  b«  «xpeeted  fhttik  time  nulM  eoiue  wh^  it  cAii  no  kmgftr  be 
compressed^  and  the  only  cause  ^bieb  tire  majr  sopfiose  to  put  m 
end  to  the  compression  is,  when  the  consoKdat«d  inaMf  asMttils 
feardness.  It  remains  therefore  to  be  exantku^,  how  fir  mj  ob« 
servations  will  go  to  ascertain  the  intensity  of  its  consolidation. 

^e  foHowing  two  assortments  contain  seven  nebulae^  from  who^ 
appearance  a  considerable  degree  of  solidity  may  be  inferred*. 

IV.  55  is  ^'  A  pretty  bright  round  nebula,  almost  of  an  even 
^'  light  throughout  approaching  to  a  planetary  appearance,  but  ill 
^  defined,  and  a  Kttle  fainter  on  the  edges;  it  is  about  f  or  I  mi- 
«•  nute  in  diameter/^    Fig.  34. 

IV.  37  is  <*  A  very  bright  planetary  disk  of  aboirt  8S^^  in  dia- 
'^  meter,  but  ill  defined  on  the  edges j  the  ce<ntel-  of  it  is  tttHier 
^*  more  luminous  flian  the  res!,  and  with  long  atl^tioti  ^v^ 
*  «*  bright  weH  defined  round  center  becomes  visible/    Plg»  So, 

In  these  nebulae  we  have  three  dtfi^^r^t  indications  of  ihe  ootti- 
-pression  of  the  nebulous  matter  of  which  they  are  coniposed  :  their 
-%vre,  thek  light,  and  the  ^mall  compass  into  whi6b^  It  is  i^nced. 
The  round  figure  is  a  proof  that  the  ne^tous  mass  k  ciollected  into 
a  globular  form«  wliich  cannot  have  been  eftcted-  without  a  certain 
degree  of  condeasation* 

"j^heir  planetary  appearance  shows  that  we 'only  see- a  gup^r^cM 
lustre  such  as  opaque  bodies  exhibit,  and  which  coukl- not  bi^pen 
if  iie  nebulous  matter  hml  no  other  qnality  tlhm  that  of  ^hiittg,  «r 
liad  so  little  solidity  as  to  be  perfectly  transpar^t^  lliat  there  is  a 
<^tain  maximum  of  brightness  occanoned  hy  condensation,  is  to 
be  inferred  from  the  different  degrees  of  light  of  round  nebnhe  that 
-are  in  a  mnch  less  advsmced  state  of  compr^ion ;  'for  tfees^  are 
gradually  more  bright  towards  the  center;  whiUh  proves  th^t 
briglrttiess  keeps  up  with  condensation  ^tiH  the  increase  Of  it  brmgs 
on.  a  consolidation  whfch  will  no  lot^ger  permit  the  iutehiar  pene- 
tration of  light,  and  thus  a  planetary  a^ppeteance  must  in  the' end  be 
the  consequence;  for  planets  are  solid  opaque  bodies,  shin^g  only 
by  superficial  light,  whether  it  be  i[|natc  or  reflected. 

From  the  size  of  the  nebulae  as  we  see  them  at  present,  we  cannot 
form  an  idea  of  the  original  bulk  6/  the  nelnrlbtis  mMet  they  fcon- 
■  ■     ■  ■  "T  — ;   ;         "   ,      .       ..   ■ 

«  See  Fourn^mla  of  u  filant^tiiy  ttf^eaym^'     IV.  5^,  60,  6%  7d. 

Three jfkinctary  difkt  «#!  a  M$M  qfi^tralj^ifU,     il.^  ^08. .   IV.  37,  13. 
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I ;  but  kt  118  $(dwif^fyr  th^  ssil^e  oC  copifiutatioii^tluU  tbe  nebu- 
losity  of  the  nbove  described  nebula  IV.  S5,  when  it  was  in  a  state 
of  diffiision*  topl^:  t^  ^  space  of  l</  in  every  cubical  direction  of 
its  expansion ;  then>  as  we  now  see  it  collected  into  a  globular  con* 
pass  of  less  than  one  minuley  it  must  of  course  be  more  than  uine« 
teen  hundred,  times  denser  than  it  was  in  its  original  state.  This 
pipportion.  of  density  is  more  than  double  that  of  water  to  air. 

With  regard  to  planetary  disksi  which  have  bright  central  points^ 
we  may  surmise  that  their  original  diffused  qebulosity  was  more 
miequally  scattered*  and  that  they  ;pa^ssed  through  the  different 
stages  of  extended  nebulae,  gradually  acquiring  a  nucleus,  cheve- 
lore,  and  branches*  For  in  nebulae  of  this  construction,  the  conso* 
lidation  of  a  nucleus  is  already  much  advanced. at  the  time  when  a 
coBsideiable  quantity  of  nebulous  matter,  on  aopount  of  jts  gi^sat^r 
central  distance,  remains  still  unforooed  in  the  bnmclies ;  ai^  if  the 
coodensatioa  of  the  nudeus.  should  keep  the  lead,  it  will  coine  to  a 
state  of  great  solidity  and  maximum  of  brightness  by  the  time  tbet 
the  rest  of  the  nebulosity  is  drawn  into  a  planetsiry  appearance. 

SO.  Of  Planetary  Nebula. 

The  objects  of  which  I  shall  give  an  account  in  this  article  have 
so  near  a  resemblance  to  planets^  that  the  name  of  planetary  ne- 
bulae very  justly  expresses  their  appear£lnce ;  for  notwithstanding 
theur  planetary  aspect,  some  small  remaining  hH^iness,  by  wl^bh 
they  still  are  more  or  less  surrounded,  evinces  their  nebulous  X« 
gin.  In  my  catalogues  the  places  of  the  following  ten  have  be%i 
given*. 

IV.  18  is  <'  A  beautiful  bright  round  nebula,  having  a  pretty 
**  well  defined  planetary  disk  of  about  10  or  12'Mn  diameter.  It 
^  is  a  little  elliptical^  and  has  a  very  small  star  following,  which 
**  gives  us  the  idea  of  a  small  satellite  accom|)anying  its  planet.  It 
**  is  visible  m  a  common  finder  as  a  small  star.*'    Tig,  36. 

IV.  27  is  ''A  beautiful  very  brilliant  globe  of  light,  hazy  on  the 
«<  edges^  but  the  haziness  going  off  suddenly.  I  suppose  it  to  be 
^  from  30  to  4(/'  m  diameter,  and  perhaps  a  very  little  elliptical. 
**  The  light  of  it  seems  to  be  all  over  of  the  uniform  lustre  of  a 

«  See  Pianciar^ruhOig  lY.  1,  11»  18,  26,  27,  34,  kh  ^>  64,  70. 
▼OL.  I.  H 
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^  star  of  the  g(h  ntgnHtid^.    The  iMsiiieis  on  die  edges  doetMt 
^  exceed  the  30th  part  of  the  diameter." 

IV,  51  is  ''A  small  beautiful  planetary  nebula^  but  eonsideraMy 
'*  hazy  upon  the  edges ;  it  is  of  a  uniform  }ight>  and  comid«rabiy 
'**  bright^  perfectly  roond^and  about  10  or  15^^  mdiamaten*' 

IV.  59  tt  '^  A  pretty  bri^t  planetary  nebala  of  nearly  1'  in  dia- 
^  meter;  it  is  round,  or  a  Uttle  ellipti^ ;  its  light  b  uniform,  moA 
'^  pretty  well  defined  on  the  borders." 

IV,  64  is  '^  A  beautiful  planetary  nebula  of  a  connderaUe  de« 
<*  gree  of  brightness,  but  not  very  well  defined,  about  12  or  ISf  in 
•*  diameter.* 

The  remarks  which  have  been  made  on  the  nebubs  of  tht  fore- 
going article,  will  here  apply  with  additional  piopriety;  for  the 
i^t  of' these  planetary  nebidoe  must  be  considerably  more  con- 
'densed  than  that  of  the  fortgoing  sets.  The  diaaMter  of  fowr  uf 
them  does  not  exceed  lb'\  so  that  if  we  again  suppose  the  origiDal 
'diffined  nebulosity  from  which  they  sprang  of  lo"  in  cubical  di- 
mensions, we  shall  have  a  condensation,  which  has  reduocd  the  ne* 
bulous  matter  to  less  than  the  one-hundred-and-twenty-two  thou- 
sandth part  of  its  former  bulk. 

One  of  them,  number  34  m  the  4th  class,  appeared  eveii  in  the 
SO  feet  telescope,  with  the  sweeping  power,  like  a  star  with  a  large 
diameter,  and  it  was  only  when  magnified  240  times  that  it  re* 
sembled  a  small  planetary  nebula ;  nor  can  any  of  these  nebulse  be 
distingubhed  from  the  neighboufing  small  stars  in  a  good  common 
telescope,  night-glass,  or  finder. 

When  we  reflect  npon  these  circumstances,  we  may  conceive 
that,  perhaps  in  progress  of  time  these  nebulae  which  are  already 
in  ^cfa  a  state  <^  compression,  may  be  still  fieuther  condensed 
so  as  actually  to  become  stars. 

It  may  be  thought  that  solid  bodies,  such  as  we  suppose  the  stats 
to  be  from  the  analogy  of  their  light  with  that  of  our  sun  wbctt 
seen  at  the  dbtance  of  the  stars,  can  hardly  be  formed  from  a  con- 
densation of  nebulous  matter ;  but  if  the  immensity  of  it  lequif^ 
to  fill  a  cubical  space,  which  will  measure  ten  minutes  when  seen  at 
the  distance  of  a  star  of  the  8th  or  9th  magnitude,  is  well  consi- 
•  dered,  and  properly  compared  with  the  very  small  angle  our  sun 
would  subtend  al  the  same  distanot,  no  degree  of  rarity  of  the 
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mMtw,  4#  wlarb  we  my  Hve  niofliint^  «a0  be  ttf  d^ 
>otioD  to  Hit  mUky  reqsired  £w  the  eeMtradioii  of  a  heiiy  ef 
equel  nagnitiirfe  wkh  oav  sue*. 

A  ckcoeiittiioe  whieh  eliict  thtfe  vmj  tou^pnmei  oabeki  te  Urn 
Aaradep  of  MMiiy  of  oer  welft-ktuMni  odestiaL  bodies  micIl  aa  aoeM 
oi^tit  plaeaU  and  tkeb  sateMhtt^  this  sua  mmI  all  ptriedical  staM» 
is  that  very  probably  most,  if  not  all,  of  them  turn  on  tbthr  azit» 
Sevan  of  the  ten  i  hare  menlnned  aie  not  perfectly  wani,  but  a 
tevy  little  elliptieaL  Ou§b4  we  not  to  asot&e  this  igoie  to  Um 
laRM  canse  ¥M:h  has  flattened  the  polar  diameter  of  the  pianelp^ 
namdy,  a  rotatory  motion  1 

At  the  end  of  the  oCtfa  article  I  have  abeady  fieinted  oet  eee 
eonflfitielieQ  ef  the  neboteiu  matter,  of  whieb  the  fioaiconde 
tion  seems  to  be  properly  disposed  for  bringing  on  a  retalovy  i 
tioa  of  die  nucleus  |  bet,  H  we  consider  this  matter  in  a  general 
l^lfat,  it  appears  that  every  figure  which  is  net  alieady  globalai  nmsl 
have  eccentric  nebulous  matter,  which  in  its  eedeavour  to  come  te 
the  center,  will  either  dislodge  some  of  the  nebulosity  whieb  is 
already  deposited,  or  slide  upon  it  sideways,  and  in  both  case*  pt q« 
duce  a  cwcular  metion ;  so  Ibat  in  iaot  we  can  hardly  sappose  apos- 
ttbility  of  the  pvoduoticii  of  a  globular  form  without  a  conse^pwat 
revolution  of  the  nebulous  matter,  which  m  the  end  may  settle  hi  a 
regular  rotation  about  some  fiaed  axis.  Mavy  ef  the  extended, 
and  irregular  nebuks  are  ceesiderab^  elliptical,  and  the  BFregulai 
round  ones  shew  a  general  appioach  to  the  oval  fcrm ;  now  tiitse 
figures  are  all  favourable  to  a  suiause,  that  a  rotatory  metion  mi^ 
often  take  place  even  before  the  nucleus  of  a  neb^bi  can  have  aiw 
rived  to  a  state  of  eonsoKdatioQ.  An  objection,  that  this  remark* 
able  Ibrm  of  planetary  nebidss  may  be  owhig  to  chance,  will  hanHy 
deserve  to  be  mentioned,  because  the  hnpvobability  of  such  a  supt 
posi&m  must  iexdude  it  from  aH  daim  torefutatieiu 

31.  Of  ilk  Dt9t4ime  of  the  Vfebuiq  in  the  Cof^telktiou  qf 

Omfh 
In  my  3d  article  I  concluded,  firom  the  appearance  ef  the  greal 
SMbuhi  in  Orion,  that  the  range  of  the  visibility  of  the  diOised  ntbu- 

f  A  cubical  space,  the  ti4e  of  which  at  the  distance  of  a  star  of  the 
M  magnitode  it  teen  under  an  angle  of  IC,  exceeds  the  balk  of  the  tna 
^nOiSOeooeOOOOOOOOO)  two  trlUUo  and  iOi  tkqnnmd  hiUlea  tints. 
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kwM  natter  tmomnt  be  git«t»  became  we  laay  there  tee  m  one  ttd 
the  9MBe  object,  bolb  th^  brigfatett  and  (aiotest  appearance  of  neb»* 
lonties  that  can  be  seen  any  where.  It  will  theiefore  be  a  case  a£ 
some  interest*  if  we  can  form  any  conception  of  the  place  among 
tbe  ixed  start  to  wlueh  we  oo^t  to  refer  the  situation  of  this 
nebnla ;  and  this  I  beikve  my  obsenratioB  of  it  will  enable  us  to 
determine  pretty  nearly. 

In  the  year  1774,  the  4tb  of  March,  I  obsenred  the  nebnlona 
stir,  winch  b  the  49d  of  the  CommsHma  des  Tempi,  and  is  not 
many  minutes  north  of  the  great  nebuk ;  but  at  the  same  time  I 
also  took  notice  of  two  similar,  but  much  smaller  nebulous  stars ; 
ana  cm  each  side  of  the  large  one,  and  at  nearly  equal  dbtances 
from  it  Fig.  37  is  a  copy  of  a  drawing  which  was  made  at  the 
time  of  observation. 

In  I7S5>  I  examined  the  nebulous  star,  and  found  it  to  be  faintly 
•wrounded  with  a  drcnlar  glory  of  whitish  ndbulosity,  &mtly  jom- 
ing  to  the  great  nebula. 

About  the  latter  end  of  the  same  year  I  remari^d  that  it  was  not 
equally  surrounded,  but  most  nebulous  towards  the  south* 

In  1784, 1  began  to  entertain  an  opinion  that  the  star  was  not 
CMmetted  with  the  nebulosity  of  the  great  nebula  of  Onoq,  bat 
WM  one  of  diose  whidi  are  scatteied  over  that  part  of  the  heavens, 
£i  1801, 1806,  and  1810,  this  pinion  was  fully  confirmed  by 
the  gradual  change  which  happened  in  the  great  nebula,^  to^  which 
the  nebulosity  surrounding  this  star  beloqgs.  For  the  intensity  of 
the  light  about  the  nebulous  star  had  by  this  time  been  consider^ 
ably  reduced,  by  the  attenuation  or  dissipation  of  the  nebulous 
matter ;  and  it  seemed  now  to  be  pret^  evident  that  the  staris  fer 
behind  the  nebulous  matter,  and  that  consequently  its  light  in 
passing  through  it  is  scattered  and  deflected,  so  as  to  produce  the 
appearance  of  a  nebulous  star.  A  sunilar  phenomenon  may  be  seen 
whenever  a  planet  or  a  star  of  the  1st  or  2d  magnitude  happens  to 
be  involved  in  haaness;  for  a  diffused  circular  light  wiU  then  be 
seen,  to  which,  but  in  a  much  inferior  degree,  that  which  surrounds 
Una  nebulous  star  bears  a  gieat  resemblance. 

When  I  reviewed  this  interesting  olyect  in  December  1810, 1 
directed  my  attention  particularly  to  the  two  small  nebulous  stars, 
by  the  sides  of  the  large  one,  and  found  that  they  were  perfectly  free 
from  every  ndHilous  appearance;  which  confinofNi  no^  only  my 
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Ibrmer  ^armise  of  the  great  attennation  of  die  nebalositj,  bat  also 
proved  that  their  former  nebalous  appearance  bad  been  entirdlj 
the  effect  of  the  passage  of  their  feeble  light  through  the  nebnlons 
matter  spread  out  before  them. 

The  igth  of  Jimaary  181 1»  1  had  another  critical  examination  of 
the  same  object  in  a  very  clear  view  through  the  40-leet  telescope ; 
but  notwithstanding  the  superior  light  of  this  instrument,  I  could 
not  perceive  any  remains  of  nebulosity  about  the  two  small  stars» 
which  were  perfectly  clear,  and  in  the  same  situadon«  where  dhovtt 
thirty-seven  yen^  before  I  had  seen  them  involved  in  nebnlonty. 
>  If  then  the  light  of  these  three  stars  is  thus  proved  to  have  under* 
gone  a  visible  modification  in  its  passage  through  tbe  nebulous  mat* 
ter>  it  follows  that  its  situation  among  the  stars  is  less  distent  kmm 
us  than  the  largest  of  the  three^  which  I  suppose  to  be  of  the  8tli  or 
9th  magnitude.  The  farthest  distance  therefore,  at  which  we  can 
place  the  faintest  part  of  the  great  nebula  in  Orion,  to  which  tkm 
nebulosity  surrounding  the  star  belongs,  cannot  well  exteed  Hie  re« 
gi<m  of  the  stars  of  the  /th  or  9th  magnitude,  but  may  be  much 
nearer ;  perhaps  it  may  not  amount  to  the  distance  of  the  sters  of 
the  8d  or  2nd  order ;  and  consequently  the  most  luminoas  appear- 
ance of  this  nebula  must  be  supposed  to  be  still  nearer  to  us.  From 
the  very  considerable  changes^I  have  observed  in  the  arrangement 
of  its  nebuloaty^  as  well  as  from  its  great  extent,  this  inference 
seems  to  have  the  support  of  observation ;  for  in  very  distaMt 
objects  we  cannot  bo  easily  perceive  changes  as  in  near  ones,  on 
JKGOunt  of  the  smaller  angles  whidiboth  the  objects,  and  its  change 
subtend  at  the  eye.  The  fbllowii^  memorandum  was  made  when 
I  viewed  it  in  177^;  **  Its  shape  is  not  like  that  which  Dr.  SmMi 
^^  has  delineated  inhis  optics,  though  somewhat  resembling  it,  being 
'<  nearly  as  in  fig.  37 :  from  this  we  may  infer  that  tfa^ie  are  un- 
^<  doubtedly  changes  among  the  regions  of  the  fixed  sters;  and 
''  perhaps  from  a  careful  observation  of  this  ludd  spot,  somethi^ 
^*  may  be  concluded  concerning  the  nature  of  it.'' 

Ifk  January  1783,  tke  nebnloai  appearance  dtSittd  aoch  ftem 
what  it  was  in  1/80,  and  in  September  it  had  again  undetgooe  « 
diaage  in  its  shape  since  January. 

Mai«h  13^  1811.  With  a  view  to  aseertam  socb  obvions  aitew 
lions  in  the  disposition  of  the  nebulous  nuitt^  as  owy  be  dqpeaded 
CO,  I  sdectid  a  telescope  that  bad  the  same  Ui^  and  power  which 
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thMy*Mteii  y^in  ago  I  tised,  wlm  I  made  the  ibove^BMntkmtd 
dimwiag ;  and  ^  relative  ntaation  of  the  stars  mRaining  as  hetor^t^ 
I  found  that  the  arrangenMnt  of  the  nehoiosity  diffiiif  coii8klena>ly. 
The  northern  brancli  N  still  remains  aeaily  parallel  to  the  diieotioa 
tf  the-stars  €1^;  but  the  southern  hrandi  ^  is  ao  longer  exteoded 
towards  the  star  ^;  its  direetioo  is  bow  towards  e»  which  is  very 
Mntly  involved  in  it.  The  figure  of  the  braneh  is  also  diflbreat ; 
the  nebulosity  m  the  parallel  FFof  4be  three  stars  being  nK»e  ad« 
vaiieed  towards  the  following  side  than  it  was  formerly. 

I  compared  also  the  present  appeatanoe  of  this  nebula  with  the 
dethwatioB  with  Huyghens  has  given  of  it  in  his  Sy$4ma  Saiurmnm, 
pnge  B,  of  which  fig  M^  a  ec^y.  The  twelve  stars  which  be  has 
maiied  are  sufficient  to  point  out  the  arraagemenl  of  the  nebulous 
nwf  tar  at  the  time  of  h^  dbaervatiou.  By  their  sitnatian  we  find 
that  the  tiebula  had  no  southern  brandy  nor  ind0ed  any  ta  the 
north,  unless  we  call  the  nelMdosity  in  the  direction  of  the  parallel  a 
branch ;  but  then  thb  branch  is  not  parallel  to  a  line  drawn  from  a  to 
the  star  h ;  moreover  the  star/ is  now  involved  m  fiiint  nebuloBity^ 
whicb  also  reaches  nearly  up  to  g,  and  quite  indoses  h.  Hie  star  k 
whiA  is  now  nebulousy  is  rqwesented  as  perfectly  out  of  all  nebm* 
Josity,  and  can  hardly  be  supposed  to  have  been  affected  when 
ikiygheas  observed  it* 

The  dianges  thatare  thus  proved  to  have  ahnady happened,  peer 
pmt  us  for  those  that  may  be  ^ipected  hereafter  to  take  places  by 
^e  gradual  •condensatiott  of  the  nebulous  matter ;  lor  had  we  no 
mA^ett  an  instance  of  any  altaatioB  m  the  appearanoe  of  nebulfB^ 
4bey  aaight  be  looked  iqpon  as  permanent  celestial  bodies,  and  the 
successive  changes,  to  which  by  the  aetimi  of  an  attracthig  priod* 
•pie  fhe(y  have  been  conceived  to  be  std^ec^  might  be  ri^iected  as 
being  unsupported  by  Observation* 

The  various  appearances  of  this  nebula  are  so  instructive,  that  i 
ahaU^apply  them  to  the  sufc^otof  the  partial  opadty  of  the  nebulons 
matter,  which  has  already  been  inleiied  from  its  planetary  appear- 
'mice,  when  eitreniely  condensed  m  globular  masses ;  but  which  now 
inay  hesuppaated  by  more  direet  afgumanls.  For  when  I  fermcn^ 
saw  three  fictitious  nebulous  stars,  it  wiU  not  be  contended  that  them 
male  three  shnall  ahMuag  nebulosities^  jost  in  the  three  lines  in  which 
IiairyttHi,ofwhioh«woaienow|ganeaiidaoiyonereaMuning.  As 
MH  might  we  ascribe  the  Hgbt  siinmmidmg  a  atv,  which  is  seen 
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HtfoiYgha  flUBt,tomqiiri^yofBliiMi«Wl«^^toaMtpiur^^ 
pMt  ef  the  fQkt,  wkadu  by  elumc^  iMpptoed.tobeAMled  where  iIm^ 
«ter  is  seen.  If  then  the  fonner  nebuloeity  ^f  the  two  stan  f^hkk 
have  ceaaed  to  be  Debidoas  can  only  be  aseribed  to  an  eifft  of  thfb 
transit  or  penetration  of  their  light  tbioi^  nebiilous  flaatta*  which 
deflet^ed  and  scattered  it,  we  have  now  a  dir^  pioof  that  this  mat«9 
ter  can  eadst  in  a  state  af  opacity^  and  aiay  poMftly  be  diftfed  19 
aMmy  parts  of  the  heavens  without  oor  being  able  to  perceive  it 

That  there  has  been  shining  as  well  as  opaque  nebuLoas  ma^tf^ 
abottt  the  large  star,  appears  Iromseveial  observatipos  I  Imvf  made 
apott  the  light  which  swroanded  it.  In  17S8  the  nebutosUiy  abpot 
it  was  ao  considerable  in  brightness^  and  so  mneh  oirone  side  of  it« 
that  the  ster  did  not  iqipear  to  have  any  connaction  with  it.  The 
reason  of  whi(&  is  f^amly,  that  the  sUniag  quality  of  the  nebulouf 
natler  then  overpowered  the  feeble  scattering  of  the  U^t  of  the  stay , 
in  the  nebulosity. 

32.  Of  Stellar  Nebula.  ' 

It  has  been  remarked  that  diffused  nebulosities  may  exist  un- 
known to  us,  among  the  more  distant  regions  of  the  fixed  stars ;  am) 
Ibooigh  we  may  not  be  able  to  see  a  nebulous  diffusion  that  is  far- 
ther from  us  than  the  moderate  distance  at  which  we  now  have  reav 
joa  to  suppose  the  Contest  visible  nebulosity  of  the  nebula  in  Orion 
to  be  placed  ;  yet  if  some  &)irmer  difiusion  of  the  nebulous  mattef 
shnald  h«  already  reduced  into  sq>arate  and  much  condensed  ne- 
bulae, they  might  then  come  within  the  reach  of  telescopes  that  hav^ 
a  gfreat  power  of  collecting  light :  this  beii^  admitted^  there  is  a 
probability  that  some  of  the.  various  diiSusions  of  the  nebulous  ma|« 
tOTj  iroin  which  our  present  nebulae  derive  their  origin,  may  have 
been  much  farther  from  us  than  others.  For«  in  every  description 
of  figure,  size  and  condensation,  of  which  I  have  given  instances, 
we  find  not  only  very  bright  and  very  large,  but  also  faint  and  small, 
as  wdl  as  e^remely  faint  and  extremely  small  nebulae;  and  thfi 
saane  gradatkms  witt  now  be  found  to  run  through  that  dass  whicji 
I  Imve  called  stellar  nebulae.  This  classification  was  introduced  ipi 
■qr  aweeps  when  the  objects  to  be  recorded  came  in  so  quick  a  sue- 
oessianlbat  I  found  it  expedient  to  express  as  much  as  I  could  in  as 
few  words  as  possible,  and-by  calling  a  nebula  stell«',  I  intended  to 
denote  that  the  object  to  which  I  gave  this  name  was,  in  the  fir9t 
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plftoe  ns  mmW,  or  abnott  ts  tmMi  as  a  star ;  and  in  ^  iiext»  Halt 
BatwitbstandiBg  its  smallness,  and  stariike  appearance,  it  bore  eri* 
dent  marks  of  not  being  one  of  those  objects  which  we  call  stars, 
imd  of  whiob  I  saw  many  at  the  same  time  in  the  telescq>e. 

The  following  three  collections  contun  one  hundred  and  seveD* 
teen  stellar  nebulae,  which  ha?e  been  assorted  by  their  bri^tness* 
that  their  comparative  condensation  might  be  estimated  according 
to  the  dHferent  distances  at  which  we  may  suppose  other  nebniaB 
of  the  same  degree  of  Hght  to  be  placed  *• 

1. 71  is  «  A  considerably  bright^  very  small*  almost  stellar  nebula ; 
^  the  brightness  dimmishing  insensibly  and  t>reaking  off  pretty 
^  abruptly.  The  whole iogelher  is  not  more  than  about  7  or  8^^  in 
^  diameter/'  A  second  observation,  made  in  a  remarkable  dear 
morning,  says,  that  ^  the  greatest  brightness  is  towards  the  followmg 
^  side,  and  that  the  very  faint  nebulosity  extends  to  near  a  minute.'* 

This  b  probably  a  condensation  of  a  former  nucleus  with  mr* 
roundintf  chevelure* 

I.  268  is  "  A  very  bright,very  small,  round  stellar  nebula.*'  Fig.  89. 
This  may  be  a  former  planetary  nebula  in  a  higher  state  of  cbn« 

densation, 

IL  110  is  **  A  very  bright  small  stellar  nebula  or  star  with  a  but 
«*  all  a-round.'^    Fig.  40. 

This  star  with  a  bur  is  propably  one  that  was  formerly  a  plane* 
tary  nebula  with  a  pretty  strong  haziness  on  the  borders. 

II.  603  is  *'  A  pretty  bright  stellar  nebula,  or  a  pretty  consider* 
able  star  with  a  very  faint  chevelure."     Fig.  41. 

This  miy  have  been  a  planetary  nebula  with  a  faint  haziness 
about  the  margin. 

IV.  46  is  ''  A  very  small  pretty  bright,  or  considerably  bright 
**  stellar  nebula,  like  a  star  with  burs." 

It  may  have  been  a  pretty  well  defined  planetary  nebula* 

If  it  should  be  deemed  singular  that  we  have  not  a  greater  num- 
ber of  bright  stellar  nebulae,  I  must  remark  that,  if  the  stellar  is  a 
succession  of  the  planetary  state,  the  number  of  bright  stellar  issuf* 
ficiently  proportionable  to  that  of  the  planetary  nebulae ;  and  as  the 
faint  nebulae  are  far  more  numerous  than  the  bright  ones,  so  it  will 
be  seen  by  the  references  in  the  two  next  assortments,  that  in  propor« 

*  3ee  First  assortment  containing  six  of  tk§  brightett  fUllar  n$kuli.  hi  I, 
J68.  Ih  110,  603.  !¥•  32, 46. 
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tioB  as  bfigbtnefli  decieaBe^  we  htve  a  muob  laoie. copiaus^  cottec« 

tioo  of  steliarnebulfe  *•  .        » 

IL  663  is  **  A  pretty  btji^t  very  small  sfefiar  ndMa.*' 

This  uebuk  and  Um^  re^  of  tbeai*  which  are  sdl  of  the  same 

description*  must  be  looked  upon '  as  condensations  of  distant  ne« 

bulae  that  had  nndeiy  or  Were  neariy  about  the  planetary  conditiop  f* 

In  this  collection  of  nebulte  we  have  many  of  a  different  descrip- 

tion.    In  some,  the  mark  whereby  they  were  distingubhed  from 

stars  was  their  figure*  the  object  not  being  so  sraaU  but  that^ 

figure  might  still  be  perceived.    Of  others*  some  difierence  in  the 

(nigbtness  between  the  center  and  outside  was  visible ;  and  many 

of  them  were  only  called  stellar*  because  by  some  deficiency  or 

other  in  the  appearance  it  was  evident  they  were  not  perfect  stars. 

Instances  of  every  sort  will  be  seen  in  the  following  descriptions. 

II.  424  is  "  A  very  faint  stellar  nebula*  or  a  little  larger," 

U.  805  is  "  An  extremely  faint  very  smaU  round  stellar  nebula.'' 
n.  425  b  *'  A  faint  very  small  stellar  nebula^  of  an  irregidar 
**  figure;- 

III.  145  b  '*  A  very  faint  stellar  nebula;  a  little  extended.'' 
III.  691  is  **  A  considerably  faint  stellar  nebula*  suddenly  much 

^<  brighter  in  the  middle." 

33.  Of  Stellar  Nelfulie  nearly  approaching  to  the  Jppearance 

of  Stars. 

'  The  starlike  appearance  of  the  following  six  nebulae  b  so  con- 
siderable that  the  be^  description,  which  at  the  time  of  observa- 
tion 1  could  give  of  tiiem,  was  to  compare  them  to  stars  with 
certain  deficiencies  t*  ^ 

♦  Sec  Second  assortmtnt  containing  eUven  stellar  nehuUe  of  the- next  iegr$t 
of  brightness.    II.  159,  178,  179,  S04,  232,  663,  676,  689,  708,  820,  86|. 

t  Sec  Third  assortmeia  containing  one  hundred  stellar  nebuUe  of  several  de- 
grees offaintness.  II.  127,  194,  244,  340,  341,  425,  443,  448,  449,  454, 
550,  551,  576,  618,  620,  692,  693,  718,  721,722,735,740,781,815,848, 
III.  81,  109,  114,  119,  125,  136,  145,  151,  161,  167,  168,  169,170,171, 
172,  175,  175,  188,  215,  231,  232,  234,  240,  260,  276,  277,  278,  289,  .«94, 
320,  322,  341,  400,  401,  418,  422,  423,  424,  438,  439,  469,  476,  530,  536, 
561,  562,  563,  564,  565,  571,  576,  590,  606,  627,  672,  691,  706,  737,  741, 
764,  768,  770,  772,  777,  786,  798,  805,  815,  821,  828,  843,  852,  855, 
B56,  916. 

t  See  Three  stars  with  burs.    II.  655.    IV.  47,  49. 
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IV.  4018  '^  A  pf^tj  bright  Ateilar  wOmi^,  like  m  star  wRk  H 
<'  SDiUll  bur  all  around/' 

The  other  two  are  of  the  same  nature** 

I¥.  15  is  «  A  stellar  nebtila>  or  ratber  lik*  a  hM  star  with  a 
^  smaH  chevelure  ami  two  bun.*' 

The  other  two  are  nearly  of  the  sane  descriptieo. 

34.  Of  Doubtful  Nibula. 

It  may  have  been  remaAed,  that  many  steflar  nebnte  of  my 
catalogues  have  the  memorandum  added  to  their  descriptions  ^at 
fliey  were  confirmed  with  a  higher  magnifying  power,  and  that  tln^ 
was  sometimes  attended  with  difficulty^  and  sometimes  could  not 
be  successively  done* 

A  collection  of  thirty-four  nebulse  that  come  under  this  descrip^ 
tion  is  as  follows  f: 

II.  470  is  "  A  small  stellar  nebula.*^  By  a  second  observatkni 
a  doubt  entertabed  in  the  first  was  removed  with  240,  which 
shewed  it  "  pretty  bright,  but  hardly  to  be  distinguished  from  a 
•tar/* 

III.  29  is  *'  A  very  faint  extremely  small  stellar  nebula,  or  father 
^<  nebulous  star."  The  sweeping  power  left  me  rather  doubtful; 
**  240  verified  it. 

It  must  be  noticed,  that  in  these  nebulae  the  doubt  which  was 
entertained  did  not  relate  to  the  existence  of  the  objects,  but 
merely  to  thehr  nature ;  and  when  the  sn^^ed  neb^  was  so  fhint 
that  even  its  existence  was  doubtful,  a  higher  power  was  ap|£ed 
only  with  a  view  to  ascertain  whether  the  object  existed  as  nebida 
QX  99  star;  for  had  the  suspicion  of  its  existence  not  been  aoeom^ 
paaied  with  the  expectation  of  its  being  a  nebula,  it  could  never 
^e  been  attempted  to  be  verified  {. 

III.  270  is  *<  A  very  fidnt  extremely  small  stellar  aebak;  240 
«'  verified  it  with  difficulty  and  considerable  attention,  the  night 
«'  being  uncommonly  clear.** 

•  See  Three  etare  with  a  ftdnt  chevelure.     iV.  IB,  21,  31. 

f  See  First  assortment  containiHg  twenty-Jive  ver^d  stellar  nehuUe,  II.  470, 
502,  661.  III.  29,  80,  84,  124,  135,  174,  184,  187,  202,  207,  214,  226, 
S64,ii66,  268,  269,  513,  549,  604,  742,  748,  964. 

f  See  Second  assortment,  containing  Jive  stellar  nebula  verified  with  difficulty. 
III.  115,  212,  219,  262,  270. 


Digitized 


by  Google 


COKtTKVeTIOK  OF  THB  HBAYSKUt^       10? 

Wlm4itto«^is  oMtttionecl  it  it  idnv]^  to  b«  asdcKstDod  that 
a  ccmdenMe  time  as  w^  as  attention  was  wiairtd  ia  the  ^aim* 
■atioo  before  a  decMiw  opinion  oodcl  be  fMrmed  *• 

nL  7  is  "^  A  aebuloiis  sttr»  but  doabtfal  of  the  ndndosity* 
^  Witii  340  the  same  doubtful  a(i|)earaaoe  continues."    Fig.  4!2. 

Wilb  this  object  the  dkn^t  wbich  reaniaed  could  only  relate  lo 
the  natate  of  It;  for  beiag  at  first  sight  taken  to  be  a  nebidoas 
Star,  its  «xis(eoee  could  not  be  a  subject  lor  examination;  but  the 
unresolved  doubt»  whether  aa  object  is  a  nebuhi  or  a  star*  must 
eertmaly  be  allowed  to  be  as  great  a  proof  of  identity  as  we  can 
possibly  expect  to  see. 

35.  Concluding  Remarks. 

The  total  dissimilitude  between  the  appearance  o(  a  diffiision  of 
the  nebulous  matter  and  of  a  star,  is  so  striking,  that  an  idea  of 
the  conversion  of  the  one  into  the  other  can  hardly  occur  to  any 
one  who  has  net  befove  him  the  result  of  the  critical  examination 
of  the  nebulous  system  which  has  been  displayed  in  this  papec 
The  end  I  have  had  in  view,  by  arranging  my  observations  in  the 
order  in  whidi  they  have  been  placed,  has  been  to  show,  that  the 
above*mentioned  extremes  may  be  connected  by  such  nearly  allied 
intermediate  stqps,  as  will  make  it  highly  probable  that  every  suc^ 
ceeding  state  of  the  nebulous  matter  is  the  result  of  the  action  of 
gravitation  upon  it  while  in  a  foregoing  one,  and  by  soch  steps  the 
SQcoessive  condensation  of  it  has  been  brought  up  to  the  planetary 
condition.  From  this  the  transit  to  the  stellar  form,  it  has  been 
shownu  requires  but  a  very  small  additional  compression  of  the 
siebaloos  matter,  and  several  instances  have  been  given  which  con^^ 
nect  the  planetary  to  the  stellar  appearance^ 

The  faint  stelhir  nebulse  have  also  been  well  connected  with  aU 
aorts  of  laint  nebulae  of  a  hirger  size;  and  in  a  number  of  the 
smaller  tort,  their  ig[)proach  to  the  stariy  ^^pearance  is  so  advanr 
cfd,  that  in  my  observations  of  many  of  diem  it  became  doubtful 
whether  they  were  not  staw  alseady. 

It  .most  have  been  noticed,  that  J  faavexcifnfiQed  myself  in  ^evaqr 

one  of  the  preceding  articles  to  a  few..remarks  upon  the  app^ampce 

•     .  ■  '  ■    ■    I  ■  lip 

•  See  Tkird  asiortmenif  containing  four  objects  that  could  not  bo  verifitd. 
in.  7,  176,  «6*,  «93. 
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(if  the  nebaloos  mattet*  in  the  state  in  which  my  observstions  repre- 
sented it;  they  seemed  to  be  the  natural  resolt  of  the  observatiotts 
under  consideration,  and  were  not  given  with  a  view  to  establish  a 
systematic  opinion,  such  as  will  admit  of  complete  demonstration. 
The  observations  themselves  are  arranged  so  conveniently  that  anj 
astronomer,  chemist,  or  philosopher^  after  having  considered  my 
critical  remarks,  may  form  what  judgment  appears  most  probable 
to  him.  At  all  events,  the  subject  is  of  such  a  nature  as  cannot 
fcil  to  attract  the  notice  of  every  inquisitive  mind  to  a  contempla- 
tion of  the  stupendous  construction  of  the  heavens ;  and  what  I 
have  said  may  at  least  serve  to  throw  some  new  light  upon  the 
organization  of  the  celestial  bodies. 
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Digitized 


by  Google 


f?<>ISr9'llPCTiaN,OP  THE  HBAVSKI.  Ill 

POSTSCRIPT. 

It  wifi  bt  seen  that  io  tbis  paper  I  have  oriy  comidered  the  m- 
baloM  part  of  tke  constractioii  of  the  bea?en8^  and  have  tdmi  a 
star  for  the  limit  of  ray  researches.  The  rich  collection  of  chnters 
of  stars  ooatamed  in  the  6th,  7th,  and  8th  classes  of  my  Catalogues^ 
and  many  of  the  Qmnomanee  de$  Tempt,  have  aS  yet  been  left  un* 
noticed.  Several  other  objeets,  in  whkh  stars  and  nebnlosity  are 
mbfdy  such  as  nebdons  stars,  nebuin  containing  stars,  or  snqiecttd 
clusters  of  stars  which  yet  may  be  nebulae,  have  not  baes  intrtf* 
dttoed,  to  they  appeared  to  belong  to  the  sidereal  part  of  the  con* 
struetioB  of  the  heavens,  into  a  critical  examination  of  whidi  it 
was  not  ray  intention  to  enter  in  this  paper/ 

^,     .        '^\  WILLIAM  HERSCHEL. 

Slough,  near  Windsor, 

May  26,  IBM, 

[Herschel,  PhiL  Trans.  1811.J 


CHAP.  VIII. 

mEGAPITULATlON  OP  DB.  HERSCHBL^S  VERY  INGENIOUS 
AND  IMPORTANT  OBSERVATIONS  IN  THE  PRECEDING 
CHAPTER, 

x)r*  Hsrschbl  suppoiiet  that  the  luminous  fluid  which  so  often 
i^ppears  in  diffisrent  f^arts  of  the  heavens,  and  throws  streaks  athwart 
them,  is  not  li^t  iounediately  issuing  from  stars  too  remote  to  be 
traped  by  the  telescope^  but  existing  independently  of  stars  or 
planets,  though  perhaps  originally  thrown  forth  from  them. 

It  is  not  matter  of  light  alone,  for  it  is  sometimes  capable  of 
opacity,  though  usually  luminous^  and  a  source  of  light  When  this 
subtle  material  exists  in  irreguUir  loose  masses  he  calk  it  a  i^lfuh* 
diif,  or  luRMiious  clo9d.  Its  residence  be  supposes  to  be  within 
tke  raoge  of  the  remotest  stars,  though  beyond  those  of  the  second 
.i|nd  tbupd  magnitudes;  yet  similar  difiusions,  he  conceives,  may  alsp 
exist  at  distances  where  they  camiot  be  seen. 
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Agreeably  to  the  laws  of  grayitatiou  or  the  centripetal  foree,  he 
sopposes  the  difierent  particles  to  have  a  tendency  of  approaching 
to  each  other,  and  that  some  eiitttmstance^  unknown  t6  us,  may 
occasion  a  preponderatfaig  iniuence,  usually  in  the  centre  of  a 
diffused  mass,  but  sometimes  in  other  quarters.  Hence,  a  luou- 
nous  nucleus  will  be  produced  by  the  concentration  that  roust 
necessarily  follow,  which  will  progressively  attract  and  determine 
the  circikn^facent  luminous  matter  to  itself;  and  diminish  the  extoit 
of  the  general  range;  and  in  this  case  what  was  a  nebtthsUy  wUl 
become  a  nebula* 

The  nuclei  may  sometimes  be  double,  or  triple,  or  still  more 
complicated  jn  the  same  nebulosity,  and  whenever  this  occurs,  the 
nebulosity  will  be  broken  into  diierent  nebulse,  or  smaller  lumi- 
nous  clouds;  and  if  some  of  them  be  much  minuter  than  others, 
they  may  ultimately  attend  upon  them  as  satellites  upon  a  planet 
If  the  nebulae  have  a  hasy  or  superficial  lustre,  he  calls  them  plane* 
tary;  if  they  be  uniformly  luminous,  he  denominates  them  siellar. 

Dr.  Herschel  conceives  that  stars^  planets,  and  comets,  may  all 
occasionally  originate  from  such  a  source ;  that  a  rotatory  motion 
must  ensue  from  the  preponderancy  of  action  of  a  greater  mass  of 
particles  on  one  side  of  the  nucleus  than  on  other  sides :  and  that, 
as  many  of  these  particles  are  {probably  elastic,  an  apparent  haze 
or  chevelure^  coma  or  hair,  must  often  appear  to  surround  the 
nucleus*  When  the  whole  of  the  luminous  circumferent  matter  is 
consolidated  by  gravitation  into  the  nucleus,  the  planetary  nelu/a 
becomes  then  a  real  star ;  some  of  which  stars,  before  they  become 
perfectly  consolidated,  have  visibly  faiot  ehevelures,  or  else  burs,^ 
or  prickles.  The  nebulous  matter  contained  in  a  cubical  space  seen 
under  an  angle  of  ten  degrees,  will  admit  of  a  condensation  of  two 
trillion  and  two  hundred  andjeight  thousand  billion  times,  belore  it 
can  be  so  consolidated  as  to  constitute  a  globe  of  the  diameter  of 
our  sun. 

The  ground-work  of  these  opinions,  or  the  principles  from  which 
these  results  are  drawn,  will  be  found  at  length  iu  the  preceding 
chapter,  and  they  are  too  curious  and  of  too  much  consequence  for 
us  to  diminish  their  force  by  an  abridgment.  Yet  the  youAgeraod 
the  less  inquisitive  among  our  readers,  will  feel  obliged  to  us  for 
presenting  them,  in  the  chapter  before  us,  with  a  miniature  view  of 
the  general  information  they  contain,  . 
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CHAP.  IX. 

ACCOUNT  OF  DR.  HERSCHEL's  PAPER  ON  THE  CHANGES 
THAT  HAVE  HAPPENED  DURING  THE  LAST  TWENTY- 
FIVE  TEARS^  IN  THE  RELATIVE  SITUATION  OF 
DOUBLE  stars;  WITH  AN  INVESTIGATION  OF  THa 
CAUSE  TO  WHICH  THET  ARE  OWING. 

XJa.  Herschel  devotes  this  paper  prmcipally  to  the  considenitioo 
of  the  second  class  of  the  systems  into  which  he  has  divided  the 
sidereal  world.  After  cursorily  remarking,  with  respect  to  the 
8<rfar  system,  as  a  specimen  of  the  first  class,  which^  among  the  in- 
sulated stars,  comprehends  the  Sun,  that  the  affections  of  the 
newly  discovered  celestial  bodies  extend  our  knowledge  of  the  con- 
struction of  this  insulated  system,  which  hi  best  known  to  us;  he 
proceeds  to  support,  by  the  evidence  of  observation,  the  opinion 
which  he  has  before  advanced,  of  the  existence  of  binary  sidereal 
combinations,  revolving  round  the  common  centre  of  gravity; 
Dr.  Herschel  first  considers  the  apparent  efiect  of  the  motion  of 
either  of  the  three  bodies  concerned,  the  two  stars,  and  the  Sun  ^ 
with  its  attendant  planets ;  and  then  states  the  arguments  respecting 
the  motibns  of  a  few  only  out  of  the  fifty  double  stars,  of  which 
he  has  ascertained  the  revolutions.  The  first  example  is  Castor^  or 
alpha  Oeminomm :  here  Dr.  Herschel  stops  to  show  how  accu- 
rately the  apparent  diameter  of  a  star,  viewed  with  a  constant 
magnifying  power,  may  be  assumed  as  a  measure  of  small  angular 
distances ;  he  found  that  ten  difierent  mirrors,  of  seven  feet  focal 
length,  exhibited  no  perceptible  difference  m  this  respect.  In  the 
case  of  Castor  no  change  of  the  dbtance  of  the  stars  has  been  ob- 
served, but  their  angular  situation  appears  to  have  varied  somewhat 
more  than  45**  since  it  was  observed  by  Dr.  Bradley,  in  1759; 
and  they  have  been  found  by  Dr.  Herschel,  in  mtermediate  posi* 
tions  at  intermediate  times.  Dr.  Herschel  allows  that  it  is  barely 
possible  that  a  separate  proper  motion,  in  each  of  the  stars  and  in 
the  Sun,  may  have  caused  such  a  change  in  the  relative  situation, 
but  that  the  probability  is  very  decidedly  in  favour  of  the  existence 
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of  a  revolution,    its  period  most  be  a  little  Biore  than  343  yearf, 
«id  its  plane  nearly  perpendicular  to  the  direction  of  .the  Sun. 
The  revolution  of  ganuna  Leonb  is  supposed   to  be  in  a  plane 
considerably  inclined  to  the  line  in  which  we  view  it,  and  to 
he  performed  in  about]  1300  years.    Both  these  revolutions  aie 
retrograde ;  that  of  epsilon  Bootis  is  direct,  and  is  supposed  to 
occupy  l68l  yeais,  the  orbit  being  in  an  oblique  position  witli 
fespect  to  the  Sub.    In  zeta  Herculis,  Dr*  Herschel  observedr  at 
1802,  the  appearance  of  an  occidtatiou  of  the  snail  star  by  the 
larger  one:  in  1782  he  had  seen  them  separate ;  the  plane  of  the 
revolution  must  thereforie  pass  nearly  through  the  Sun ;  and  this,  it 
bU  that  can  at  present  be  determined  respectmg  k.    The  stara  of 
Mta  Serpentis  appear  to  perform  a  retrograde  revolutien  in  about 
875  yean:  their  apparent  distance  b  invariable,  as  well  as  that  of 
Ibe  two  stars  which  omstitute  gamma  Virginis,  the  last  double  star 
which  Dr.  Herschel  mentions  in  this  paper,  and  to  which  he  attri^ 
bi^eff  a  p^odical  revolution  of  about  7€8  years. 

[Young's  Nmi.  PhiiMoph.  VoL  Ih^JaimuJs  of  ike  Bb^ 
IiuHi9dmih  VoL  II.} 


CHAP.  X. 

I^.UBBSCHSL's  OBSERVATIONS  OF  THE  COMET  OF  THK 
YEAE  1811,  WITH.RBMARKS  ON  THE^  CON$TRUCTIOdl 
OF  ITa  BIFFRENET  FARTB. 

X  HE  Cmnet  which  has  lately  visited  the  solar  system  has  moved  Im 
an  orbit  very  fevoiurably  situated  for  astronomical  observations* 
I  have  availed  myself  of  this  circumstance,  and  have  examined  all 
the  parts  of  it  with  a  serutinijqng  attentioa,  by  telescopes  of  everjF 
degree  of  requi^te  li|^,  distinctness,  and  power. 

The  observatioBs  I  have  made  have  been  so*  numerous,  and  so 
often  repeated,  that  I  shall  only  give  a  selection  of  such  as  were 
made  under  the  most  favourable  circumstances,  and  which  wilt 
serve  to  ascertain  the  most  interesting  particulars  rebiting  to  thB 
eonstruction  of  the  comet.. 


Digitized 


by  Google 


- 1  i 

s  J  •  I 


.5> 


Digitized 


by  Google 


Digitized  by 


Google 


WITH  ItEUARItS  Ofr  ITS  COKSTRUGTIOIC.  US 

Atf  my  aft  entkm  in  diese  observattons  w«re  enery  mgfat  directed 
le  as  many  partkiitars  as  could  be  iovefttigatedi  it  will  be  most  con- 
▼enient  to  assort  togetber  those  which  belong  to  the  same  object ; 
and  in  the  following  arrangement  I  shall  begin  wkh  the  piiiicipal 
part^  which  is 

The  planetary  Body  in  the  Head  of  the  Comet. 

By  directing  a  telescope  to  that  part  of  the  head  where  with  the 
naked  eye  I  saw  a  Inminons  appearance  not  unlike  a  star,  f  fomid 
that  this  spot,  which  perhaps  some  astronomers  may  call  a  nucleus, 
was  only  the  head  of  the  comet ;  but  that  withiu  its  densest  light 
there  was  an  extremely  small  bright  point,  entirely  distinct  from  the 
surrounding  glare.  I  examined  this  point  with  my  20  feet,  large  10 
feet^  common  10  feet,  and  also  with  a  7  feet  telescope ;  and  with  efery 
one  of  these  instruments  I  ascertained  the  reality  of  its  existence. 

At  the  very  first  sight  of  it,  I  judged  it  to  be  much  smaller  ^an 
the  little  planetary  disk  hi  the  head  of  the  eomet  of  the  year  IS^ ; 
but  as  we  are  well  assured  that  if  any  solidity  resembUug  that  of 
the  planets  be  contained  in  tlie  comet,  it  must  be  looked  for  in  this 
bright  point;  I  have  called  it  the  planetary  body;  in  older  to  dts* 
tinguish  it  from  what  to  the  naked  eye  or  in  small  telescopes  ap* 
peared  to  be  a  nucleus,  but  which  in  fact  was  this  little  body  witb 
its  surroundiog  light  or  head  seen  together  as  one  oljject. 

With  a  new  H)  feet  mirror  of  extraordinary  distinctness,  I  ex«> 
ammed  the  bright  point  every  fine  evening,  mid  found  that  although 
its  contour  was  certainly  not  otherwise  than  round,  I  could  bvt 
very  seldom  perceive  it  definedly  to  be  so. 

As  hitherto  I  had  onl|^  used  moderate  magnifiers  from  100  tp 
160,  because  they  gave  a  considerable  brightness  to  the  point,  it 
occurred  to  me  that  higher  powers  might  be  required  to  increase 
its  apparent  magnitude;  accordingly  the  ipth  of  October,  having 
prepared  magnifiers  of  169>  240,  300,  400,  and  600, 1  viewed  the 
bright  point  successively  with  these  po\vers. 

With  l6g  it  appeared  to  be  about  the  si^e  of  a  globirie  which  in 
the  morning  I  had  seen  in  the  same  telescope  and  with  the  same 
magnifier,  and  which  by  geometrical  calculation  sdi>teBded  an 
angle  of  1^39. 

I  tu^iected  that  this  apparent  size  of  the  bright  point  was  only 
•nch  as  will  spuriously  arise  from  every  small  star-like  appearance; 
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aad  tUs  was  fully  confirmed  when  1  exaihioed  it  with  24a  ;  for  by 
this  its  magnitude  was  not  increased ;  which  not  only  proved  that 
Uky  power  was  not  sufficient  to  reach  the  real  diameter  of  the  ob- 
ject»  but  that  the  light  of  this  point  was,  like  that  of  suudl  stars, 
sufficiently  intense  to  bear  being  much  magnified. 

I  viewed  it  next  with  300,  and  here  again  I  could  perceive  no  in- 
crease of  size. 

When  I  examined  the  point  with  400»  it  appeared  to  me  some- 
whaf  larger  than  with  300 ;  I  saw  it  indeed  rather  better  than  with 
a  lower,  power,  and  had  reason  to  believe  that  its  real  diameter  was 
now  within  reach  of  my  magnifiers.  Curiosity  induced  me  to  view 
it  ia  the  7  feet  telescope  with  a  power  of  460;  and  notwithstanding 
the  inferior  quantity  of  light  of  this  instrument,  the  magnitude  was 
fully  sufficient  to  show  that  the  increase  of  size  in  this  telescope 
agreed  with  that  in  the  10  feet. 

Retummg  again  to  the  latter  1  examined  the  bright  point  with 
600,  and  saw  it  now  so  much  better  than  with  400,  that  I  could 
keep  it  steadily  in  sight  while  it  passed  die  field  of  view  of  the  eye* 
glass. 

With  this  power  I  compared  its  appearance  to  the  size  of  several 
globules,  that  have  been  examined  with  the  same  telescope  and 
magnifier,  and  by  estimation  I  judged  it  to  be  visibly  smaller  than 
one  of  1^,06  in  diameter,  and  rather  larger  than  another  of  0^^,68. 

.  It  should  be  noticed  that  I  viewed  the  globules,  which  were  of 
scaling-wttx^  without  simshine,  in  the  morning  after  the  observation 
as  well  as  the  morning  before;  referring  in  one  case  the  bright 
point  to  the  globules,  and  in  the  other  the  globules  to  the  bright 
point^. 

The  apparent  and  real  Magnitude  of  the  planetary  Body. 

The  size  of  the  bright  point  being  much  more  like  the  smallest 
of  the  two  globules,  I  shall  add  one  quarter  of  their  difference  to 
O'^^CS^  and  assume  the  sum,  which  is  (y\775  as  the  apparent  dia* 
meter  of  the  planetary  disk. 

Then  by  a  calculation  from  some  corrected  elements  of  the  comet's 
orbit,  which,  though  not  very  accurate,  are  however  sufficiently  so 
for  my  purpose,  I  find  that  the  distance  of  the  comet  from  the 

•  A  similar  method  was  used  with  the  comet  of  1807.  See  Phil.  Tract,  for 
1808,  page  145. 
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earthy  at  the  time  of  observation,  was  nearly  114  millions  of  miles ; 
firom  which  it  follows  that  the  bright  point*  or  what  we  may  admit 
to  be  the  solid  or  planetary  body  of  the  comet,  is  about  428  niile3 
in  diameter. 

The  Eccentricily  and  Colour  of  the  planetary  Body. 

The  situation  of  the  bright  point  was  not  in  the  middle  of  the 
head,  but  was  more  or  less  eccentric  at  different  times. 

The  l6th  of  October  that  part  of  the  head  which  was  towards 
the  sun,  was  a  little  brighter  and  bvoader  than  that  towards  the  tail, 
«o  that  the  planetary  disk  or  point  was  a  little  eccentric. 

The  17th  I  found  its  situation  to  be  a  little  beyond  the  centra 
reckoning  the  distance  in  the  direction  of  a  line  drawn  from  the 
sun  through  the  centre  of  the  head. 

The  4th  of  November  it  was  more  eccentric  than  I  had  ever  seen 
it  before. 

Nov.  iO,  I  found  no  alteration  in  the  eccentricity  since  the  last 
observation. 

The  colour  of  the  planetary  disk  was  of  a  pale  mddy  tint,  like 
Ibat  of  such  equally  small  stars  as  are  inclined  to  ted. 

The  Iltumination  of  the  planetary  Body. 

The  snjallness  of  the  disk,  even  when  most  magnified,  rendered 
2ny  determination  of  its  shape  precarious ;  however  had  it  been 
otherwise  than  round,  it  might  probably  have  been  perceived ;  the 
phasis  of  its  illumination  at  the  time  of  observation  being  to  a  fiill 
disk  as  1,6  to  2. 

From  this  as  well  as  from  the  high  magnifying  power,  which  a 
pomt  so  faint  could  not  have  borne  with  advantage,  had  it  shone 
by  reflected  light,  we  may  infer  that  it  was  vfsible  by  rays  emitted 
from  its  own  body  *« 

*  On  the  subject  of  the  nature  of  the  light  by  which  we  lee.  this  comet,  I  may 
refe  to  what  has  been,  said  in  my  paper  of  observations  on  that  of  tlie  ye^ 
180T .  Those  who  wish  also  to  consult  the  opinion  of  an  eminent  philosopher, 
whose  valoable  works  on  metebroloKical  saljects  are  well  known,  will  find  U 
expressed  at  large  in  a  letter  from  Mr.  De  Luc,  addressed  to  Mr.  ^ode,  so  far 
back  as  the  year  1799,  and  reprinted  in  Mr.  Nicholson's  Journal,  publiihcil 
the  1st  Af  March  ld09* 
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The  Head  cf  the  Comet. 
It  has  already  been  noticed  that  the  brightest  part  of  the  eomet 
seen  by  the  naked  eye,  appeared  to  contahi  a  small  star*like  nn- 
cleus.  When  this  was  viewed  in  a  night-glass,  or  finder,  magnifying 
only  6  or  8  times,  it  might  still  have  been  mistaken  for  one;  but 
when  I  applied  a  higher  power>  such  as  from  6o  to  120,  it  retained 
no  longer  this  deceptive  appearance ;  which  evidently  arises  from  an 
lecumulation  of  light,  condensed  into  the  small  compass  of  a 
few  minutes ;  and  which  of  course  will  vanish  when  diluted  by 
Inagnifying. 

Sept  2, 1  saw  the  comet  at  Glasgow,  in  a  14  feet  Newtonian  re- 
flector ;  but  being  very  low,  the  moon  up,  and  the  atmosphere  hazy, 
it  appeared  only  like  a  very  brilliant  nebula,  gradually  brighter  in  a 
large  place  about  the  middle* 

*  The  9th  and  10th  of  September  at  Alnwick,  I  viewed  it  with  n 
fine  achromatic  telescope,  and  found  that,  when  magnified  about  65 
times,  the  planetary  disk-like  appearance  seen  with  the  naked  eye, 
was  transformed  into  a  bright  cometic  nebula,  in  which,  with  thu 
power,  no  nucleus  could  be  perceived. 

The  18th  of  September  the  star-like  object  in  my  large  10  feet 
reflector,  when  magnified  110  times,  had  the  appearance  of  a  fine 
globular  luminous  nebula ;  it  seemed  to  be  about  5  or  $  minutes  in 
diameter,  of  which  one  or  two  minutes  about  the  centre  were  nearly 
of  equal  brightness.  The  small  10  feet  showed  it  in  the  Mme 
manner. 

In  all  my  instruments  this  bright  appearance  was  equally  trans* 
formed  into  a  brilliant  head  of  the  comet,  with  this  diflference,  that 
when  high  powers  were  applied,  the  central  illumination  which,  mo- 
derately magnified,  was  pretty  uniform,  became  diluted  info  a 
gradual  decrease  from  the  middle  towards  the  outside ;  losing  itself 
by  imperceptible  degrees,  especially  towards  the  sides  and  followmg 
parts,  into  a  darkish  sp^ce,  which,  fironi  observations  that  will  be 
given  hereafter,  I  take  to  be  a  coinetic  atmosphere. 

The  Colour  and  Eccentricity  qftke  Light  of  the  Head. 
The  colour  of  the  head  being  very  remarkable,  I  examined  it  with 
all  my  different  telescopes ;  and  in  every  one  of  them,  its  light  ap» 
peared  tp  be  greenish,  or  bluish  green.    It9  appearance  was  cer- 
tainly very  peculiar. 
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Tbe  dispratioD  of  tb^  Ugfat  of  tlie  bead  was  Kkewiie  accompanied 
ivith  some  jemarkable  circuinslances ;  for  notwklittaodiog  a  general 
accumulatioo  about  Ibe  middle,  tbere  seemed  to  be  a  greater  share 
^  it  towards  tbe  sun,  than  a  portion  in  that  situation  of  the  cir* 
cnmference  was  entitled  to,  had  it  been  imiformly  arranged;  and 
if  we  look  upon  tbe  bead  as  a  coma  to  tbe  pbmetary  pomt^  tbe 
eccentricity  of  its  light  will  be  still  more  evident ;  for  thi^  point  was 
constantly  more  or  less  farther  from  tbe  sun  than  tbe  middle  of  tbe 
greatest  brightness  of  the  light  suriouniding  it.  Tlie  eccentricity  of 
the  bead  was  indeed  so  considerable^  that  considerliig  tbe  difficulty 
#f  sedng  the  point,  it  m%bt  easily  have  escaped  tbe  notice  of  one 
who  looked  for  it  in  tbe  centre  of  the  bead* 

The  apparent  and  real  Magnitudes  of  the  Head. 

With  an  intention  to  ascertain  tbe  dimensions  of  tbe  various  parts 
of  tbe  comet,  I  viewed  the  head  in  tbe  7, 10,  and  20  feet  .telescopes, 
and  estimated  its  nm  by  the  proportion  it  bore  to  tbe  know*  fields 
iOf  tbe  eye-glasses  that  were  used.  I  shall  only  mention  two  estima- 
tions: September  29»  the  10  feet  gave  its  apparent  diameter  3'  (f. 
With  tjbe  20  feet,  Oct.  6,  it  was  3'  45'\ 

From  a  calculation  of  the  20  feet  measure,  which  I  prefer,  it 
appears  that  tbe  real  diameter  of  the  bead  at  this  dme  was  about 
327  thousand  miles. 

A  transparent  and  elastic  Atmosphere  about  the  Head. 

In  every  instrument  through  which  I  have  examined  the  comet, 
I  perceived  a  comparatively  very  fiunt  or  rather  darkish  interval 
surroundii^  tbe  head»  wherem  tbe  gradually  diminishing  light  of 
tbe  ocntral  brightness  wbs  lost.  This  can  only  be  accounted  for  by 
admittmg  a  transparent  elastic  atmosphere  to  envelop  the  head  oif 
tbe  comet. 

Its  transparency  I  liad  an  opportunity  of  ascertsuning  the  18th 
of  September,  when  I  saw  three  very  small  stars  of  different  mag^ 
nitudes  withm  the  coinpass  of  it;  and  its  elastiqty  maybe  inferred 
fitai  the  cbrcttlaf  fena  undor  wbidi  it  wasalways  seen.  For  beng 
aanrouaded  1^  a  eertam  bright  equi-distant  envelop^  we  can  only 
aecoant  for  tbe  equality  of  tbe  distance  by  admitting  the  interval 
between  the  envelope  and  the  head  of  tbe  comet  to  be  filled  with  an 
elastic  atmospherical  fluid. 
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The  Extent  of  the  cometic  Jtmosphere. 
When  I  examined  the  comet  m  the  20  feet  telescope  the  6ih  of 
October,  the  circular  darkish  space,  which  surrounded  the  bright- 
ness,  just  filled  the  field  of  the  eye-glass;  which  gives  its  apparent 
dniiDeter  15  minutes.  This  atmosphere  was  therefore  more  thau 
507  thousand  miles  in  diameter ;  but  its  -real  extent  of  which,  as 
will  be  seen,  we  can  have  po  observation,  must  far  exceed  the 
above  calculated  dimensions. 

The  bright  Envelope  of  the  cometic  Atmosphere. 

When  I  observed  the  comet  at  Alnwick  in  an  achromatic  refractor 
with  a  magnifying  power  of  65»  I  perceived  that  the  head  of  it 
was  partly  surrounded  by  a  train  of  light,  which  was  kept  at  some 
considerable  distance  by  au  interval  of  comparative  darkness ;  and 
from  its  concentric  figure  1  caU  thb  light  an  envelope, 

7 

The  Figure^  Colour ^  and  Magnitude  of  the  Envelope. 

On  viewing  this  envelope  in  telescopes  that  magnify  no  more  tlian 
about  l6  times,  or  in  finders  and  night-glasses  with  still  lower 
powers,  I  found  that  its  shape,  as  far  as  it  extended,  was  apparently 
circular;  but  that  in  its  course  it  did  not  reach  quite  half  way  round 
the  head  of  the  comet.  A  little  before  it  came  so  far  it  divided 
itself  into  two  streams,  one  passing  by  each  side  of  the  head. 

The  colour  of  the  envelop  in  my  7>  10,  and  20  feet  telescopes 
had  a  strong  yellowbh  cast,  and  formed  a  striking  contrast  with  the 
greenish  tint  of  the  head. 

The  distance  of  the  outside  of  the  envelope  from  the  centre  of 
the  head,  in  the  direction  of  a  line  drawn  from  it  to  the  sun  was 
about  Sf  30^ ;  and  supposing  it  to  have  extended  sideways,  without 
increase  of  distance  as  far  as  a  semi*circle,  this  would  give  its  dia* 
meter  about  19  minutes.  By  computation  therefore  its  real  diame* 
ter  must  have  exceeded  643  thousand  miles. 

The  Tail  of  the  Comet. 
The  most  brilliant  phenomenon  that  accompanies  a  comet  is  th# 
stream  of  light  which  we  call  the  tail.  Its  length  is  well  knowa  to 
be  variable ;  but  the  measures  or  estimations  of  its  extent  cannot 
be  expecttd  to  be  very  consistent  from  several  causes  fbreigQ  to  it^ 
actual  change. 
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The  2d  of  Sq>teBiber«  tbe  moM  being  up,  the  comet  very  low, 
and  tbe  atmosphere  bazy,  I  could  perceive  no  tail. 

The  9tb>  it  had  a  very  conipicttoiu  one,  about  9  or  10  degree!  in 
leoigth* 

Oo  the  1 8th,  the  length  was  i  1  or  12  degrees. 

The  6th  of  October  it  was  25  degrees. 

The  12th  I  estimated  it  to  be  only  17  degrees  lo0g. 

The  14th  it  appeared  to  extend  to  IJ^  degrees. 

The  15th>  by  very  careful  attentioD,  and  in  a  veiy  dear  atmo- 
sphere,  I  found  the  tail  to  cover  a  space  of  23  j  degrees  in  length. 

The  greatest  real  Length  of  the  Tail. 

Of  the  two  observations  which  were  made  of  the  greatest  length 
of  the  tail  of  tbe  comet,  J.  prefer  that  of  the  15th  of  October,  oo 
aocount  of  the  clearness  of  the  night. 

The  apparent  length  being  23^  degrees,  its  real  extent,  taking 
into  the  calculation  the  oblique  position  in  which  we  saw  it,  mosl 
bave  been  upwards  of  100  millions  of  miles. 

The  Breadth  of  the  Tail. 

The  variations  in  the  breadth  of  the  tail  will  hardly  admit  of  any 
description ;  the  scattered  light  of  the  ndes  being  generally  lost 
by  its  iaintness  m  such  a  manner  as  to  render  its  termmation  very 
doubtful. 

The  12th  of  October  its  breadth  in  the  broadest  part  was  6}  de« 
grees,  and  about  5  or  6  degrees  from  the  bead  it  began  to  be  a  little 
contracted. 

The  Uth,  it  was  nearly  of  the  same  breadth  about  the  middle  of 
its  length. 

By  calcolatuig  from  the  observation  of  tbe  12tb,  we  find  that  the 
real  breadth  of  the  tail  on  that  day  was  nearly  15  millions  of  miles. 

The  Curvature  of  the  Tail. 
The  shape  of  the  tail  with  respect  to  its  curvature  is  generally 
cmisidered  only  as  it  relates  to  the  direction  of  the  motion  of  the 
comet ;  it  is  neverthdess  subject  to  variations  arising  from  causes 
that  will  be  noticed  in  the  next  article,  but  which  are  not  taken  mto 
tlie  account  of  the  followmg  observations.  - 
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Tbe  9th  and  lOth  of  ScptoMbtr  tiK  cvraitOTe  (rfthe  tea  was  my 
considerable. 

The  18th,  Ifeauvked,  that  tofvardsthe  cad  of  the  tail  Its  csmt- 
ture  had  the  appearance  as  if,  with  respect  to  the  motion  of  the 
comet,  that  part  of  the  tail  w^e  left  a  little  hehhid  the  head. 

The  17th  of  October  the  tail  appeared  to  be  more  carved  than 
it  had  been  aiaaj  tiaw  before. 

Dec*  2,  the  flexnre  of  the  curvatore  of  the  tail,  contrary  to  its 
femwr  doectioD,  was  convex  on  the  foUowing  nde. 

The  general  Jppearance  of  the  Tail. 

On  account  of  the  great  length  and  breadth  <^  the  tail  of  the 
fma^  a  n^ht-gUss  with  a  fatfge  field  of  view  is  the  OMMt  proper 
iDStruBMat  for  examining  iU  appearance.  Bline  takes  in  4''  41^ 

By  viewing  the  comet  with  this  gtoss  I  fonnd  the  tail  to  be  in* 
closed  at  the  sides  bj  the  two  streams  which  I  have  described  as  the 
coBlinuataon  of  the  bright  arch,  or  envelope  sarronnding  the  bead* 

SeptiS,  I  observed  that  the  two  streams  or  branches  ansing 
from  the  sides  of  the  head,  scattered  a  considerable  portion  of  then: 
light  as  they  proceeded  towards  the  end  of  the  tail,  and  were  at  last 
so  much  diluted  that  the  whole  of  the  fiurthest  part  of  the  tail  con- 
tained only  a  scattered  light. 

Oct.  12.  I  remarked  that  tike  two  streams  remained  sofficiently 
condensed  in  their  diverging  course  to  be  distinguished  for  a  length 
of  idK>ut  six  degrees^  after  which  their  scattered  light  began  to  be 
pretty  equally  ^ead  over  the  tail* 

Oct.  15.  The  precedmg  branch  of  the  tail  was  7^  1^  hi  lengdk 
The  following  Was  only  4""  4i';  wUch  caused  the  appearance  of  an 
irregular  curvature. 

Nov.  3.  Tlie  two  branches  were  neairiy  of  an  equal  length, 

Nov.  5.  The  length  of  the  precedmg  streum  was  5""  iGi  that  of 
the  foUowing  about  4*^  41^ 

Nov.  9.  The  two  branches  might  stiJl  be  seen  to  extend  full  4 
degrees,  but  their  light  wat  much  scattered. 

Nov.  la  The  piecedfaig  branch  was  fT  l&  long;  the  foOowmg 
one  only  3'  31';  tbe  preceduig  one  was  also  fiiller  Md  broader. 
.     In  the  course  of  these  observations  I  attended  also  lo  the  appear- 
ance of  the  nebulosity  of  ^  tail. 
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Sept  18.  Tbe  ■ppetnwce  of  th«  tiebuloaily»  eiankied  wUh  a  10 
feet  tcAedor,  perfectly  lesembled  tbe  milky*  nebtilMity  of  the  ne« 
biilm  in  the  coodtellatlott  of  Orioo,  in  phicei  wheie  the  br^taesi 
#f  tlie  one  was  e^nal  to  that  oi  the  other* 

Not.  9*  The  tail  of  the  conet  beii^  very  near  the  milky^wayy  the 
^ipearanee  of  the  one  compared  to  that  of  the  other,  in  places 
wlKie  no  stars  can  be  seen  in  tbe  milky-way,  was  perfectly  alike. 

The  Return  of  the  Comet  to  the  Nebulovs  Appearance. 
From  the  obserratioBs  of  the  decreasing  length  of  the  tail,  the 
diamntion  of  brif^ess  and  increased  scatterii^  of  the  streams, 
and  from  the  gradually  fiiiater  appeaiance  of  the  tranqiarent  at« 
mospherCy  brought  on  by 'the  contraction  and  more  scattered  con^ 
dition  of  the  emrelope,  I  had  reason  to  suppose  that  all  the  still 
Visible  cometic  pkaenomeaa  of  planetary  body»  head»  atmospbeve 
envelope,  and  uil,  would  soon  be  reduced  to  the  semblance  of  a 
eommon  globttlar  nebida;  not  from  the  increase  of  the  distance  of 
the  coniety  which  could  only  occasion  an  alteration  in  the  apparent 
magnitude  of  tbe  several  parts,  but  by  the  actual  physical  dkanges 
which  I  observed  in  the  construction  of  the  comet 

The  gradual  vanishing  of  the  Planetary  Body. 

Nov.  4«  I0*feet  reflector.  I  saw  the  pbmetary  disk  with  269. 
It  was  lather  more  eccentric  thao  usual. 

Nov.  g.  I  saw  it  imperfectly  with  1^.  It  was  more  visible  #ith 
240;  but  tbe  nebulosity  of  the  envek4)e  overpowered  its  li^t 
nlieAdy  so  much  that  no  good  observations  could  be  made  of  it. 

Nov.  10.  Large  10*feet  I  had  a  glimpse  of  the  disk  and  its 
eccentricity. 

Nov.  13.  I  tried  alt  magnifiers,  but  could  no  longer  perceive  the 
planetary  body. 

The  Disappearance  of  the  Transparent  Bart  of  the  Atmosphere 

under  the  Cover  of  the  scattered  Light  of  the  contracted 

Envekpe. 

Nov.  4.  In  the  night-glass,  that  part  of  the  atmosphere  which 
used  to  separate  the  envelope  from  the  head,  could  no  longer  be 
disttugttisfaed. 

}\\  the  ten-feet  reflector,  with  a  large  donUe  eye*glass,  I  feuod 
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the  envelop  drawn  nearer  to  the  heady  Its  central  distance  at  the 
vertex  being  less  than  f  l(f;  and  the  atmosphere  was  almort  in* 
▼olved  in  the  scattered  faashiess  of  the  streams. 

Nov.  5.  The  envelope  was  still  disengaged  tfroai  the  liead>  bat 
much  scattered  light  had  nearly  efiaced  the  cometic  atmosphere  on 
the  side  towards  the  sun. 

Nov.  9.  The  atmosphere  was  nearly  covered  by  the  approxima* 
tion,  or  scattering  light,  of  the  envelope.     Its  vertical  distance  was 

Nov.  10.  The  envelope  could  only  be  distinguished  from  the 
head  by  a  small  remaining  darkish  space,  in  which  the  atmosf^here 
m%ht  still  be  seen.  The  vertical  distance  of  the  eovdope  was 
4' 46^, 

Nov.  13.  The  atmosphere  was  almost  efiaced  by  scattered  light 
towards  the  sun,  but  on  the  opposite  side  it  was  darker,  or  rather 
more  transparent. 

Nov.  14,15,  and  16.  The  atmosphere  was  gndually  more  covers 
ed  In. 

Nov.  19.  I  found  in  the  lO'feet  telescope,  the  envelope  so  broad 
and  scattered  as  to  leave  no  room  for  seeing  the  atmosphere ;  and 
the  comet  seemed  to  be  fast  returning  to  the  mere  appearance  of  a 
nebula. 

Nov.  24.  The  envelope  was  turned  into  haziness;  and  on  the  side 
towards  the  sun,  the  comet  had  already  the  appearance  of  a  g1o« 
btthur  nebula,  with  a  faint  hazy  border. 

.  Dec.  2.  The  haziness  of  the  border  was  of  a  diflereut  colour 
from  the  light  of  the  head>  which  preserved  its  former  greenish 
appearance. 

Dec.  9.  The  envelope,  which  had  been  turned  into  a  hazy  border 
of  light,  in  which  state  I  saw  it  again  the  5th,  was  very  unexpect- 
edly renewed.  It  was  however  very  narrow  and  much  fainter  than 
it  used  to  be.  By  four  measures  I  found  its  distance  from  the 
centre  of  the  head  to  be  about  4^  minutes. 

Dec.  14.  The  narrow  faint  envelope  of  the  9th  existed  no  longer. 

If  the  scattered  light  near  the  head  should  not  be. raised  again, 
M  obserWitions  of  the  atmosphere  must  be  at  an  end ;  for  the  space 
beyond  this  light  bemg  equally  clear,  we  have  nothing  left  to  point 
out  any  extent  that  might  be  supposed  to  contain  a  transparent 
elastic  fluid,  notwithstanding  it  should  remain  mits  former  situation. 
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Uncommon  Appearances  in  the  Dissoluiion  of  the  Enoehpe. 

Kov.  4.  10*feet.  The  envelope  was  double  towards  the 'sun,  and 
dhrided  itself  at  each  side  into  three  streams ;  the  outside  ones 
being  very  ^int,  and  of  no  great  length. 

Nov.  5.  Oa  the  preceding  side  the  envelope  was  very  faintly 
accompanied  by  an  outer  one»  but  not  on  the  following,  side. 

Nov.  13.  On  the  following  side  the  envelope  diverged  into  three 
streams,  the  two  outside  ones  being  very  faint  and  narrow;  but  oii 
the  preceding  side  there  was  but  one  additional  streamlet,  which 
was  at  the  dbtance  of  the  outermost  one  of  the  opposite  side. 

Nov.  14.  On  the  preceding  side  there  was  a  very  faint  outward 
stream,  and  on  the  following  side  there  was  a  still  fainter  and 
shorter  stream,  also  on  the  outside. 

Dec  14.  There  was  only  one  short  and  faint  outside  stream  at 
the  preceding  side. 

Uncommon  Variations  inrthe  Length  of  the  Streams. 

It  has  already  been  mentioned,  that  the  streams  or  branches 

were  subject  to  a  considerable  difference  in  their  respective  lengths; 

in  order  if  possible  to  discover  the  cause  of  the  observed  changes^ 

1  continued  my  observations  of  them. 

Oct.  15,  and  Nov.  5  and  10,  the  preceding  branch  was  the 

ioi^est. 

The  3d  and  pth  of  Nov.  the  branches  were  of  equal  length. 
The  13th,  the  following  was  4"^  &  long,  the  preceding  only  3"*  31' 
The  14th.  They  were  both  of  the  equal  length  of  about  a""  31^ 
The  15th.  The  preceding  branch  was  3""  13'  long,  the  following 

The  I6th.  The  preceding  was  3**  13'  long,  the  foUowiog  S**  48'. 

The  19th.  The  branches  were  equals  and  about  4^  23'  long. 

Dec.  2.  The  branches  were  nearly  equal,  and  about  3*^  12'  long; 
they  joined  more  to  the  sides  than  the  vertex,  and  had  lost  their 
former  vivid  appearance ;  their  colour  being  changed  into  that  of 
scattered  light 

The  9th  and  i4th.  The  branches  were  already  so  much  scattered 
that  observations  of  them  could  no  longer  be  made  with  any 
accuracy. 
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AHeratiMm  m  ihe  An^  of  the  Direeiwh  if  the  Emdop^* 

Not.  4.  10  feet  veflector.  Laii^e  double  eye-glass.  The  streams 
dcfMurlfld  from  their  source  in  a  greater  angle  of  diivergence,  Thb 
probably  arose  from  a  contraction  of  the  envelope  tvwanls  the  sun, 
bnt  not  about  the  root  of  the  streams,  where  it  remaitted  extended 
as  befole. 

NoY.  id.  lO-feet.  The  angle  of  the  bending  of  the  envelope  at 
its  vertex  was  considen^ly  enlaiged.  In  the  night-glass  the  <IHvei^ 
fence  of  the  streams  themselves  was  certainly  not  increased. 

Nov.  «4.  10-&et.  The  divergence  of  the  light,  which  may  stiH 
be  called  the  envelope,  although  no  longer  to  be  distinguishedfiTom 
tiie  head,  was  from  60  to  65  degrees ;  but  in  the  night-glass,  the 
branches  which  were  hardly  to  be  seen  were  closer  together  than 
formerly* 

The  additional  faint  duplicates  of  the  envelope,  Nov.  4,  5,  13, 
and  14,  always  departed  from  the  vertex  in  an.  aiiglei considerably 
greater  than  the  permanent  interior  streams. 

The  Shortening  of  the  Tail. 

The  5th  of  November,  the  air  being  very  clear,  I  found,  when 
attending  to  the  tail  of  the  comet,  that  its  length  was  much  redu« 
ced ;  its  utmost  extent  not  exceeding  1 2|  degrees. 

The  9th,  it  was  10  degrees  long. 

Tlie  15th.  In  the  uight«glass  the  tail  was  much  shortened. 

The  l6th.  With  the  naked  eye  the  tail  was  nearly  7|  degrees 
long. 

The  Idth.  Its  length  was  about  6°  1(/. 

Dec.  2.  The  tail  was  hardly  5  degrees  long,  and  of  a  very  feeble 
light. 

Tlie  9th,  the  length  of  the  tail  was  not  materially  altered. 

The  I4tb,  it  still  remained  as  before,  but  the  end  of  it  was  much 
fidnter. 

Increasing  Darkness  between  the  Streams  that  inclose  the  TaiU 
The  4th  of  November,  the  darkness  near  the  head  on  the  side 

from  the  sun  was  grown  more  conspicuous,  and  much  less  filled  up 

with  scattered  light. 
The  5th,  the  darkness  of  the  atmosphere  on  the  side  opposite 

the  Sim  was  stronger  than  on  the  sun  side. 
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Tbt  I0tfa«  A  cottUhfible  darkHeis  (NWvaiM  betweta  Ae  two 
lifaiidiet  of  the  taiL 

The  14tli.  In  the  tail,  c\o9t  to  the  bead,  tbeie  was  a  large  space 
aloKMl  free  from,  scattered  light;  where  the  snail  stars  .of  the 
nulky-way  ate  as  bright  as  if  nothiog  had  intercepted  their  light. 

The  i6th.  The  sjptice  between  the  streams  was  of  a  considerable 
darkness. 

The  19th.  iCKfeet  reflector.  The  daiteess  between  the  streams 
was  increased. 

Dec.  9-  The  space  dose  to  the  head  on  the  side  from  the  son 
was  qoite  dark,  or  rather  transparent. 

The  14th.  Many  small  stars  of  the  milky-way  were  m  the  dark 
interval  of  the  tail  dose  to  the  head  of  the  comet. 

Of  the  real  Comtmetion  of  the  Comet,  mid  its  vaHous  parts. 

Hitherto  I  have  only  related  the  appearances  of  the  several  parts 
of  the  comet,  in  order  to  detemAie  their  Imear  extent;  but  the 
observations  which  are  now  before  as,  contam  facts  that  will  allow 
wnt  also  to  ascertain  the  constraction  of  the  comet  and  its  various 
parts  in  tfaeur  solid  dimensions. 

From  the  bws  of  gravitation  we  might  be  allowed  to  coudode 
tfni  die  planetaiy  body  containing  the  soUd  matter  of  the  comet 
, bhmC  be  spherical;  bnt  actual  observatkm  wBl  famish  a  more  sob* 
stantial  argument ;  for  in  no  part  of  the  long,  geocentric  path  de« 
actibed  by  the  comet,  did  I  see  its  little  disk  otherwise  than  round ; 
vriMreas  it  wild  not  have  preserved  this  appearance,  if  its  con* 
gtmetion  were  not  spherical. 

If  what  has  been  said  m  my  last  paper,  when  trei^'og  of  round 
sidmls^  be  remembered,  die  head  of  the  present  comet,  which  by 
eribservation  appeared  round  like  a  iidbula»  cannot  be  supposed  to  be  ' 
of  any  other  than  a  spherical  constructkm.  With  my  collectwn  of 
found  neboke  ^  arguments,  however^  which  proved  their  globdar 
fern,  rested  only,  though  very  soundly,  upon  the  doctrme  of 
chaasss,  and  the  known  cfects  of  gravitatmn ;  bnt  here,  on  the 
contrary,  while  ndbuln  remain  m  their  places,  the  geocentric  post 
lion  of  the  bead  of  the  comet  has  undergone  a  change  amounting 
toa  whole  quadrant;  in  all  which  time  I  have  observed  it  to  retain 
lis  roundness  wfthout  any  viuble  alteratkm ;  from  which  it  neces* 
aniily  follows  thai  its  fmn  is  globular. 
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With  regard  to  its  trmsparNit  cometic  atmogpherc,  we  have  Hot 
only  the  constant  observations  of  its  roundness,  durii^  the  above* 
mentioned  long  period  of  the  comet's  motion,  to  prove  it  to  be 
q>lierical ;  but  in  addition  to  this,  I  have  already  shown  that  it  is 
of  an  elastic  nature,  for  which  reason  alone,  had  we  no  other^  its 
globular  figure  could  not  be  doubled.  *    . 

A  most  singular  circumsuuce,  which  however  must  certainly  be 
admitted,  is,  that  the  constlint  appearance  of  the  bright  envelop, 
with  its  two  opposite  diverging  branches,  can  arise  from  no  other 
figure  than  that  of  an  inverted  hoUow  cone,  termhmting  at  itsirertex 
in  an  equally  hollow  cap,  of  nearly  a  liemispberical  construction ; 
nor  can  the  sides  or  caps  of  this  hollow  cmie  be  of  any  considerable 
thickness. 

The  proof  of  this  assigned  construction  b,  that  the  bright  enve- 
lop has  constantly  been  seen  in  my  observation  as  being  every 
where  nearly  equidistant  from  the  transparent  atmo^heie ;  now  if 
that  part  of  it  which  in  a  semi-circular  form  surrounds  the  eome^, 
on  the  side  exposed  to  the  sun,  were  not  hemisphericai,  but  had 
the  shape  of  a  certain  portion  of  a  ring,  like  that  which  we  see 
about  the  planet  Saturn,  it  must  have  been  gradually  transformed 
from  the  appearance  of  a  semi-circle  into  that  of  a  straight  line, 
during  the  time  that  we  have  seen  it  in  all  the  Varions  aspects  pm^ 
sented  to  us  by  a  geocentric  motion  of  the  comet,  amowOing  to  99 
degrees* 

That  this  hemispherical  cap  is  comparatively  thin,  is  proved  from 
the  darkness  and  transparency  of  that  part  of  the  atmosphere  which 
it  covers ;  for  had  the  curtain  of  light,  which  was  drawn  over  i^ 
been  of  any  great  thickness,  the  scattered  rays  of  its  lustre  would 
have  taken  away  the  appearance  of  tlus  darkness;  nor  would  the 
atmosphere  have  remained  sufficiently  transparent  for  us  to  see 
extremely  small  stars  through  it. 

It  remains  now  only  to  account  for  the  semi-circular  appearance 
of  the  br^;ht  envelop;  but  this,  it  will  be  seen,  b  the  inmiediafe 
consequence  of  the  great  depth  of  light  near  the  circumferende^ 
contrasted  with  its  comparative  thinness  towards  the  centre.  The 
6th  of  October,  for  instance,  the  radius  of  the  envelop  was  Sf  30^ 
on  the  outside,  and  f  3(/'  on  the  inside ;  and  as  the  greatest  bright- 
ness was  rather  nearer  to  the  outside,  we  may  suppose  its  radius  t# 
have  been  about  8|^    Then  if  we  compute  the  depth  of  the  lumif 
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iliecatfil«»yph«^e  ivsstdaiiBesV  titB'Uiiokii^  .'  be  4iA\j  abont  50 

thousand ;  so  that  a  superior  intensity  of  light  in  the  ratio,  of iabont 
5  to  l»  could  not  fail  to  produce  the  remarkable  appearance  of  a 
bright  semi-circle,  enveloping  the  head  of  the  cumet  at  the  distance 
at  which  it  was  observed  *..-..,,    ^ 

I  have  entered  so  fully  into  the  formation  of  the  envelope,  as  the 
argumentj  by  which  its  construction  has  been  analysed,  will  com* 
pletely  explain  ibe  appearance  of  the  streams  of  ligh^  inclosine  the 
tait  of  the  com^f,  and  i'ndeed  its  whole  c6n^tructi6n. 

The  luminous  matter  as  it  aris^s^  fi^oni  tUe^  eiivelo](^,  of  whidi  it 
IS  a  continuation,  is  thrown  a  liUjg^twards^  and  assumes  the  ap- 
pearance of  two  diverging  bright  streams  or  branches ;  but  if  the 
scuuce  from  whi<?b  they  rise  be  the  circttUr  riw  ^  an  heifiiipherioal 
hollow  shell,  the  Ipminou^  m^tes  in  its  dirarging  profgress  apwtrda 
c%B  only  foroi  a  hollow  cone ;  and  tbeappetMnwof  the  two  bright 
#treamtf  ipelaaiog  Ib^  laili  after  what  ^s  beea^^id'  of  die  envelc^ei^ 
will  want  no  farther  esplaiiiition,     -^  >      •     .      .  :.     \ 

Add  to  this  that^  having. actually  seen  these  ht'dlmt. streams 
remain  at  the  border  of  th^  tail  in  the  same  cUve^^bg  situalioii 
fluring  a  motiotf  of  the  t oniet  thfOugH  ibore  thaai  IM  d^rces»  flie 
hollow  conied  form  of  the  coiaet^s  tail  is  an  iict  estaUi^Md  bjr 
observation.  It:.  ;    ,   > 

The  feebler  light  Of  the  tail  b^ween  its  branches  ise  sufficiently 
aoHmnted  for  by  the  thinness  of  the  lumlnoiis  ^tintter  of  the  boUow 
cone  thiough  which  we  loi^  towards  tlie  knidAe  of  fhe  thil  comi* 
pared  with  its  great  depth  about  the  sides  i  and  ^  indeed' thp  cost- 
parative  darkness  of  the  inside  of  tiie  cone  and  transparency  of  the 
atmosphere  seen  through  the  envelope^  bear  witness  to  tbeu^  boQow 

«  From  the  measures,  of  the  envelope,  .whose  •diameter  ^e  6tk  of  October 
was  643039  miles,  we  have  the  radius  a  ^,  S2151fii  .Then  if  ^d  be  SfiOOO» 
we  find  the  angle  bac,  of  which  a  a  is  cosine  1S2'44'37'^  aod  the  sine 
b  c,  which  is  the  depth,  will  be  to  the  versed  sine  c  d,  whic|t  is  the  thickness, 
as  4,979  to  1.  And  if  ad  is  O'  3&',  thtf  greatest  brightness  which  U  at  c  win 
give  the  distance  ac  equal  to  8^45^,7.  *  TMtf  calcnlation  Veing  made  for  that 
part  which  is  convex  towaids  as,  the  aMitioaof  the  coiloave  opiMsit^  side  wiU 
double  the  dimensioas  of  the  depth  aad  thicknesi* 
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eMatructMNi;  for»  wttt  these  ptrtt  soUd,  both  the  cone  and  the 
hemitpberiGal  tenniiiatioii  of  it  must  have  been  much  brighter  i& 
the  micidle  than  towards  the  circumfereiice,  which  is  contiary  to 
obsenratioD. 


CHAP.  XI. 

<;ONSTEUCTION  OF  THE  COMET  OF  1811,  AS  DETERMINED 
BY    PROFESSOR    BURCKHARDT,  OF  OOTTINGEN,  MEM- 
.     BBR  OF  TB£  NATIONAL  INSTITUTE. 


X  HE  foHowing  obserrations  on  the  comet  were  mad^  atGottiogeo, 
^nd  published  there  on  the  20th  of  September,  1811: 
'  **  The  comet  whkh  is  now  visible  on  the  horizon  in  the  northern 
part  of  the  heavens,  is  one  of  the  most  remarkable  which  has  ever 
been  observed*  None  has  ever  been  so  long  visible^  and,  couse^ 
^nentlj,  none  has  ever  afforded  such  certam  means  of  information 
wkh  re^ct  to  its  orbit.  Accordmgly,  smce  the  end  of  March  last, 
virhen  it  was  first  perceived  by  M.  Flaoguergues  in  the  sooth  of 
France,  its  course  has  been  regularly  traced ;  nor  shall  we  lose  sight 
of  it  tOI  the  month  of  January  18 12.  Its  train,  which  occi^ies^ 
^Nice  of  12  degrees,  exhibits  several  curious  phtenomena.  It  is  not 
knmediately  couaected  with  the  comet,  as  if  it  were  an  emanation 
^m  it,  but  forms,  at  a  distance  from  the  nucleus,  a  wide  belt,  the 
lowier  part  of  which  girds  without  commg  m  contact  with  it,  mudi  in 
the  same  manner  as  the  ring  of  Saturn ;  and  this  belt  extends  itself 
IB  two  long  lummous  iiuces,  one  of  which  is  usuaUy  rectilinear,  while 
the  other,  at  about  the  third  of  its  length,  shoots  forth  its  nys  with 
a  slight  curve  like  the  branch  of  a  palm-tree ;  nevertheless  this  con- 
figuration  is  subject  to  change.  It  has  been  observed  that  the  space 
between  the  body  of  the  comet  and  its  train  is  occasionally  filled^ 
and  of  the  two  fasces,  that  which  is  geneniUy  rectilinear  sometimes 
arches  its  rays,  while  those  of  the  other  assume  the  form  of  right 
Imes*  Knally,  rays,  or,  as  it  were,  plumes  of  ignited  matter,  hav€ 
been  seen  to  nsue  from  the  lower  extreuitiet  of  the  fasces  or  fhdtes, 
andagam  unite. 
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'  <*  Sdch  Auctnations  and  accidenfs  in  thatsoit'of  IaitiIfA)U^atiiif>* 
ispbere  which  must  occupy  in  the  regions  of  sf^ct  n  scop*  of  a!>oui 
eight  millions  of  leagues,  are  immense,  and  hiay  weU  impress  tht 
imagination  with  astonishment.  The  celebrated  astronomer  of  Liii^ 
enthal,  Mr.  be  Schroetter,  remarked  variations  of  the  same  kind  in 
the  tail  of  the  last  comet  of  1807»  and  inserted,  in  the  work  he  pub- 
lished with  respect  to  it,  plates  of  the  successive  configurations. 

'^  Professor  Harding  has  also  observed  and  delineated  with  care 
the  present  comet  under  itf^varioqsaspepts,  and  his  design  will  api- 
pear  in  one  of  the  succeeding  numbers  of  the  **  Geographical  and 
Astronomical  Corre^ndepce,  edited  at  the , Observatory  •f  Gotfai 
by  Mr.  De  Lindenau. 

"  They  will  show  that  when  the  comet  hrst  appeared,  and  was 
yet  at  a  distance  from  the  sun^^jibe  two  flakes  of  its  train  were  sr . 
parated  so  as  to  form  a  right  angle ;  but  as  that  distance  decreasei^ 
they  approached  each  other  till  they  became  parallel.  This  phenc^ 
menon,  however,  may  be  nc>thing  niore  than  an  optical  illusion. 

''  As  to  the  nucleus,  or  the  comet  itself,  it  lias  been  found  ini« 
|>ossible,  as  yet,  even  with  the  aid  of  the  best  telescopes,  to  make 
observations  on  its  disk,  as  on  that  of  a  solid  body  and  of  determibed 
circomferepce.  We  can  only  discern  a  vague  circular  mass,  more 
luminous  than  the  train,  particularly  towards  the  centre  ;^but  the 
.irerge  of  which  is  doubtful,  furnishing  to  the  eye  no  fixed  lineof  de« 
narcation. 

•  *^  Thb  mass  is  without  doubt  composed  of  a  very  subtile  sub- 
tftante,  as  is  probably  that  of  all  comets.  This  hypothesis  receives 
jDvch  support  from  the  fact,  that  one  of  these  stars,  of  very  consi^ 
d6nSilt  magnitude,  (the  first  comet  in  1770,)  passed  and  re-passed 
tiuougfa  the  very  middle  of  the  satellites  of  Jupiter  without  ocea- 
aioning  amongst  the^  the  slightest  disorder.  There  is  every  reason 
tebdieve,  that  the  liucleus  of  the  present  comet  is  nothing  more 
iliim  a  conglomeration  of  vapours  of  very  little  density,  so  little  per- 
haps as  to  be  transparent.  Whether  this  be  the  case  or  not,  might 
be  easily  ascertained,  if  those  who  are  in  the  habit  of  observing  it 
wdoM  watcb  the  moment  of  its  tiansit  athwart  the  disk  of  some  star. 
Hie  rays  of  uriueh-  Wbuld  have  siifiicient'pov^er  to  perforate  it,  if 
-tianqparent.  SucV  a  body  m%ht  very  possibly  be  ao  incipient 
wori^  just  pitot  it^'gaseous  sti^e,  and  which  was  to  derive  solidity 
^NMD  the  precipitation  and  condensation  of  the  matter  surrounding 
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iU  The  succeisive  piwerv&tu^  of  some  oomet^  in  which  k  laay  be 
p5^ait^lc.to  distiogttish  the  different  stages  of  chaos  and  progressive 
£i^Qation»  can  alone  furnish  any  knowledge  with  respect  to>  thi^ 

,\  .    y       .'     [Mmiewr,0ct.4^    TiifocAx  PJiil*  Mag. ] 


CHAP.  Xll. 

bBS;BSTATiaK«    Oti'  T»E       »mEC;EBlKG     PItEKOMENOl) 
MADE  AT  THE  OBSERVATORY  ATGLASGOU^. 


•         SIR, 

I  Glasgow  Obeenratorjr,  Oct.  T* 

HOPE  the  following  facts  relative  to  the  comet  will  not  be  un# 
ac<;eptable  to  your  readers :  ;     . 

.  ,  Since  my  communication  to  you  of  the  4tb,  relative  to  the  cometv 
imnouncing  the  determination  of  the  elements  of  its  orbit  made  at 
this  establishment,  I  am  happy  to  perceive  in  the  tondon  papers 
which  arrived  to-day,  the  result  of  Burckfaardt*s  second  q>proxima^ 
tioQ« ,  The  talents  of  this  gentleman  as  a  computor  are  well  known, 
and  highly  appreciated  by  the  learned  world.  Between  his  time  of 
the  perihelion  passage  and  ours  there  is  a  difference  of  no  mose  than 
three  days,  and  the  whole  period  of  the  comet's  revolution,  I  am 
satbfied,  exceeds  considerably  100  years.  It  is  to  be  remarked  tooi, 
that  Burckhardt  never  ventured  to  give  to  the  public  his  first  triab; 
and  therefore,  whatever  differences  exist  between  his  nuknbers  awl 
ours  may  have  been  obtained  at  his  second  calculation.  The  imic- 
curacy  of  the  first  he  expressly  admits  in  his  letter  to  the  editoi'  of 
the  Mottiteur,  which  begins  in  the  following  manner  :-^*<  Havfaig 
been  requested  to  correct  my  first  determinatioD,'*  &c  I  wish  it  to 
be  understood,  however,  that  the  appearance  of  his  statement  has 
not  shaken,  m  the  least  degree,  the  confidence  I  humbly  conceive 
due  to  our  own  results.  The  dbservatiotia^  from  which  these  are  de- 
rived were  performed- Hjrith  theinstmments  of  Th>ugliton ;  iiBtmK 
ments  unquestionably  superior  to  .any  other  in  the  worid.  Bnt  we 
have  i^tiU  more  direct  assuranoe  of  the  accuracy  of  o^r  observationi^ 
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byeldirijfNirittg  themWitir  Hi^'Domben  which  have  been  published 
fiom'the  'highest  autiioHt^  (th^t  of  the  ^tt^tmomer  Royal)  in  ttie 
FhUos<ypbi6aI  Magazide.    The  longitsd^  of'tbe  cdinet,  deteN* 
lAitied  at  Ot^imidt  aMd  Gla^|0#  Obiemitoiri^  Milidde  tothe\ 
ft6£tidiiofiibrimite.'    =  "'■      ':i  . .   '       ■-£...    ..-.,.»„,.      ,j 

accuratelir  fii^,  ietther  for'Sept^.  12  or  g^  or,  ^  it  nnore  probtUei  at- 
sbnie  Mf^n^diate  (kitibdf.'  Froih  this  we  call  iTiillir^piBiR  aottieof 
thefili^omenagen^iMy^renJarhed;  fVottfth^Sftk^sMediath^' 
GlasgbW'tMitim  by  a  c^rUbpoiidM,  tM MconykNfWail  oWeMrtdfotil^^ 
cteii^  idoYisia^bly  bdth/ifel^  Mli^aiey'dbd''te  the  il^^ 
tlidcf  bfth^  ciMnaf,  btit  j^articidari^  M^UHs'ti^;^  the  course  bfeighr 
days;  Tl^Wrifiei  vei^  htfpj^^U^  DbseMitibn  dr<9ir<lBaiM^  M^iw»< 
tM.^hM'ltf^  not  (lirimiAediataf  ttfte^  tte  {](^^lite^pasiilg«^thir 
cometa^i^^^  th%!t"inaxiradili  of  MtlieMd^^ia^fJ^frh^^Bkii^ 
iMiikt'  ihei^efei^d  imifbhiily  taketf  jplitc^  lit  that  ^fai^;  <whefhel<  Iho^ 
oonM'Is^sbiiiihg  nea^r  liif  or  ftioVidrk^  oppdsi«i'dti%etidJa.  n#< 
^foWtf  df liM^miilf  dirti  to \h iipptSxiniMioniHdne/ WAit  ^ 8|^ 
^ik^}ak  Wdihndatea,^tidWhlkb«»>  tft«lflNn«  is  M^uttnunieAtill^ 
^tMaM  <»(mbk=or  nieas(iri<ig  tM^tfiang^'dri^^ 
jltMti^  liylhis'  c^um.  Whaher  Hi^^^iiqidM^ 
Tro^hton^  iappKed  hl'Mr  gr^t  IfenchdiiW'telaftsopei  May  Am^ 
aAD^^Mk^Uce, )  ^aH  b^  iMtt^  imimOA  iiMaYewsdlqni^  it  fail  ins^ 
irtrdifieiii i^ Isl^y^ dispatched iirc^Londonfc^      ' »^'^'  >  « 

I  must  acknowledge,  however,  thall^ntMMVi^  d^lidelAMK 
^sd^ss  inthb  k^4  6i<ihmiMi&M'i^t^'nilbaim!^^ 
witbi^^  a  ttfebblba<y>  ttd  tt^ijttfecife'fei^ 
diat  of  theiub.    If  hks^beed  iiiMi  thht'(A^>ceiiitt^  atfi^rttiflUl 
lb  l^  tfh^  sani^iihl'  ih^  <tf  ^iWrJ^'fli^tdroari  «i^  WAmnt^  can* 

in  the  even^  scieutUic  investigation  is  than  vague  cpnj^tttM.*  t 
sdbjoin'th^eleihetitsof  tiu^  toiniet  cf  I661^^tid  thoffe  howgivtiiby 
BttK*hardt:-     •  "*- i  '''J-i -^-^  i^-' -' .i  w-:  i-*  ..-'.ra  ,■'.     .  :,  ./ 

'  ■  '  tiMikr  I'ftJt.  '  •'  '''"*'  • '  --^-»'"  ^'irticiirfiiMr.  •      ^ 

IM^i'xkn^e i4*4  md«i».M1itikii.vii4ade||;.iBMn» 

V  MliHaiiim   ..«•>.   92d^gw)Mmio;w   rdde^)t«4»«iiD«  ^  m 

'  '  PiMfo^p^ihetloo;'!!^  Asg^rM  niib.w  a  Tiiriiefiite  adfll  i  f  r 

'   Pii<tein<mdiBti.«^«^69(H00O)miklK:'4^^;^  <9(U00^^  .: 

:^  ,yjM'^'.  u/.  -:tatiH'^fyf»hiUbQdientMrrant^^^4l^  :..l..  i.  . ,  ,v 

K3  ANDREW  URE. 
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I     '  .       I    .      !:'.:^*-        .'    MGIa^a#.ObK?rfttloryiOc4s.il(J>;  ; 

4  ^i^-rlii4fif  Qlasgf^w  Qoiivier  of.p^tol^i:  ^  I  Ji^d  tiie  hq^vif  pifi 
8ii)>iia(ti\)g  tQ,ik^,p^\\fi^ti^  rc3uUff\o^ Iji^, joint  Jabpi^a <^ Mi:.i 
Qmsfjpiid  i«swlfe.^>j|)*e  pr^i:e.diijg|,n»pi|^4Qn  the  coniefl^'^.jtltfi, 
Glasgow  Observatory.    In  The  Star  newspaper^^O^Upbi^ir^^^ap^^ 

tHr p^ebfH^eid  ft#w<*Hv?Mi  ^W^  fll^^^m^  WM^^    ■■ 
., It.it  a  ^u&'>M*K)ii ffi^^.jto. tiff  rfkMliaiid  ^  i^a^eaTi?4,^x^rU<w». 
oft  my:  WWati;  MV  QrWbVl  thf^JWt'^io^c  ^$t^ishia^  ,f|iHl  ^Up; 

a44'  Mti1WWi»f«i.  ^)#P%^  j|o^^h^.jip^i4fiy^Htiwi.,frfjfe^^ 
IWObM?ni,^^;*rta<flrtAie  {fpjlaimi  ft'rt^frrP^  ipctotw>%t.|iti^i^tt 
hijmfli:  gfte#i ,  »ipiit^8,»,hx.^h^i^f^ipi.ji?i^  J^re,  «v4th>l5yfry  pw» 
<IDitjqii  t^iopmia  the; mpm)  fWiJ^i,  Jhe  c<wi|et  ha^^^yi^i^fl^^gj 
d^je0»  I  J^iwim^e^ifrw  t.^ JpjJiJ Wfi; wjiu*  BiHxW?a^^^>,^feW^<#, 
1^^  Ih  UiaUf^ffl^  iP%^ft^c^;rl^,3|t  two  olc^ijl^ijhjji^^ 

t^  li^vf^  V^fHi^M  iwmi  li.»i«W*r»J  4#?W«  froii?7»t4i:fi  :bj[,:4^  4e;, 

Miii|#iN»ti%»|iWft^   iQmiCftwm^d  M^isudei  oo  tl^«  ^3fl^,ag|ftc^;9  a. 
nimutewith  obterr^Jip^'iMftul^,  t4<^.c^.Bfp;^U^^  !^J^if(;<%: 

m^^^<^^^ix^^i^ii^^m^i*         ;  {  .        .        ft  1 

b'jte«^^W^nrtiW)^^bfl[th:  hVill«»<l/«Me.b)r  the  ^xceUept  ta^^»  c^ 
tii«»viib^Ml^»WlW*cA^.fry  I^^  iiaipeml  obae^yer  ja<  JPyi?^ 

lM»iilili»i  Iwigitai^ofAQilJf^^^ft  tb^t,,the,|ch^^jdfeco^aju:e 

sJ«Wrt^A  ^foifls ;.  Jth^jf9r|^r,.^eii}g,  in^iM:  j^dgmentr  too  smajl  by^ 

.,  1?^  corned  ^8  V^ea  €0|i|jbiui^y.9pp,roacbu^  the  earth  for  nia«y^ 
Mr^ks*.  fVotn  September  1 5th  till  October  14th»  its  decr^sase  of  dis- 
tance a|noii|i|^4  to^r^  mUlioas  of  milest  yet  its  brilliancy  i^nd  the 
magnitude^ ji|s  tail  b^xci  i^^  M  jfUif^iiiiahing^  {is  Burdihardt  pro- 
perly Jreraathed^/F^scm  j(«»iwt  j^f  ai^foq9qiy  .wQuld  :^^txkm^y 
infer  &Daiitbii|}<Kiiifl?uUo9.  the  m^^lm^  .pfitji^  comet  fr^m^inift  as^ 
firoi&it^iiieo^oir^bv  CQcd^iiii^  it»>sw^w:li«  ^»t»>iioi|iers Jiv^gh 
at^ucb  idle  dreains  iitbeo.  appUed.  t0  <i  (d^qionitrative  science,  in 
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nrfiich  conjecture  Ims  fomid  bo  place  sbce  the  days  of  Newtom  Its 
first  principles  teach,  that  these  phsnomena  arise  ftom  the  comef # 
varying  distance  from  the  sun«  At  the  period  of  the  perihelion 
passage  these  hodies  are  known  uniformly  to  attain  their  maximum 
of  size  arid  1>rightness,  ^ 

ANDREW  ORE. 
|71/AvAVPha.Mag.} 


CHJ!P.  xni 

OF  SOLAR   AGENCY  IN  THE  PRODUCTION  OF  COMETIC 
PUJENOMBNA. 


As  we  ai^vcMirinagmit  mtasttt)  acqaakiM  with  tha  pkyijcal 
coustfiMlian  of  the  tlifiertat  parti  «f  tbapNsciiK  coiaet»  and  kava 
eeaa  many  aoceessiya  allarations^tiiftt  )Mnr«  bappaaad  iu  lliciraii» 
aantgamtnt^  it  mayposiiMy  br  wMiin  our  raifh  t»  asrign  the  pva» 
%aMaaPM0ffriilii4kh  tlM^diaiiaf  siiehageat^ 
iiMlk  baa  prochcfd  Ike  phiBnamM  wt  have  obiarv^ 

In  ilaappraach  to  a  perihelMNip  ftiaoaMl  baaaaMttaipotad  to  tha 
jKtioa.of  tile  aa|ar  layi^  whiali»  %e  kmm  ait  mfMt  of paadMcmg 
i«iit».haat^aMleheaMcal«iwls.  i/I^  anthapiiar 

sent  comet  hat  caused  aa  expansioii,  and  dtaompoiiliaa  of  tha  oo*^ 
lBelfeniataif,^waiMweaaptffaaiadfiiatW,gia^ 
^aaaaisWnim^aidilydf  to  ligkfi  irtlielia^ant^liaof  a  pbaif 
pboiicoatim«    The  way  by  whidpttiMia^aActsbarabetopn(Mlu€t4 
may  be  sopposeil  to  ke  as  Mtoa^ 

The  matter ^ontainad  in^ibe  bead  of  Iho  comet  wonM  ba  dibitc4 
bytheactioiiAftbesiia^balchieigrnlbat  hanuqpbare  of  k  wbi^ 
is  immediately  e&posad  to  tha  a^lar  iataanee ;  and  bebig  aora  iof 
tt'eaiatl«>atMs-dbaalia«.1batt  m  ^  apymii^j  «de»  it  woold  beoome 
«oaeMiaiMiftar«eftipDail  tblbe.siliHitioQ  of  the  body  of  tha  oemef^ 
bte  aalhtJMatt  bwiaafcfdMMmt  jiiaiaal  at|epy^  on  account  fi^ 
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f3Q  OF  SOLA*  A(^^JfOY  l^  ftfiB^  VtVkOpVQTlOn 

k&  brightneH^  tbe  'litt^.pHiMtary  bo^y  vouM  appeal?  Io.Ihi  ia  tht 
focentrio  ntuMi^p  iOi vhiclwe  bave  seen  il»  ,    '.        ,: 

1  ..NqMt,  as  frpni  ol^fved  p^ae^omeim,  we  havisgao^  r^asoa  to ber 
lieve  the coiti^l^ to  be  siirro^ndfi^  )>|f  a.yery  ^xteosivf^  Ui^ips^parqi^ 
elastic  atmosphere ;  the  nebulous  matter^  which. probafafy^.wbeQ'  tl^ 
cotAet  Is  at  a  <lfitli0.ce  from  the  periheliofi,  is  gathered  about  the 
head  in  a  spherical  form>  would  on  ks  ^nppfOacb  to  .the  sun  b« 
greatly  rarefied,  and  rise  in  the  cometic  atmospliere  tiU  it  eame  to 
a  certain  level,  where  it  could  remain  suspended,  for  some  iimtp 
exposed  to  the  continued  action  of  the  sun. 

In  this  situation  we  have  had  an  opportunity  of  seeing  the  trans* 
parent  atmosphere,  whichj)>pt'for  Jfae  si^pension  of  the  Dcbulovs 
matter,  we  might  never  have  discovered  ;and  indeed,  bow  fiur  it 
may,.^\lendj  bjeyond  ,lhe  re^fpn  whjiph  contained  the  sfainiug  sub- 
stance, we  can  have  no  obserynUpn,' to,  ascertain,  op  accoiiiit  of  its 
transparency.  In  consequence  of  the  darkish  interral,  occasioned 
by  the  atmospheric  space,  the  siiai^eiided  light  appeared  to  us  id  the 
shape  of  a  very  bright  envelope. 

'•  TKelrflferi^ 'fet'^ie  *fiirtl(jp«|  and  lt»^HQiwi^  cKdsnr,  toAt- 
Kti'iii  from  that  (tfJ^lf;hic4d,tedTpiflHibiy  aoqiiired.byiitt  jidfttwe 
^imH*tfife  <ftnlbir|fiiH|f|foi  fiu^  lu«t  ptoofs  of  Uhe  ^conlknied  actioii^f 
IftHstti^  upon'  fMe  ituralhims  itianery*iihrMidy>iii tOKbigli^astelciof 
htiefhfti\6n  i  antf^if  i^  soppose  tiieitttniDritieii  .iiuidi<  dsoswpoAioii 
of  this  m^iXer4b^^j^wnk4imtyM^ffBaiMp$*it^  mitete 

f6-f(^]^a^f^  MMkm^flMim  tife  ii^  ^ika  9faiMri)epuBa»  ftlien 
li41?'tbiji^^(Nlifl|^e^tf'A«db  eaq^sed;tot<lhe  iUB^ 

glHiUrtJrthctiW«NtttW;^J  \niu  ,n.Mft:  <[    ^  ;;.;  ..      u »  i,  A  •    

"«%kt^Hi^^»hb|f|^|HdilliMtflibii9te«el^  .«vistp»ll|r 

VvA^nt-  i^m^^mg^MM  |Ms:iiradu*l»  irlde,  fNid  inetsttrd  \fa^ 
^iiiiibtr  %r^W»^^f^^miiAkt^j^*  if We.saw.tfie  ihina^ uatte^ 
while  suspended  in  the  cometic  atnios|[illeiit,  ftK4beJtb^p|a/of  tao  en- 
Vaffip«<.  ^t  fWkw^*  thftl^'1tf>it4  risiigoiflditiwii^kjswuild  aamne  tiieLbp. 
jp^T^nce  bf  f  hose  t^'o4t}MiA<Mi^'^dolMMilnefa4»^  bate  8i>  long  oil- 
1fcirv*B%hkW*MWetfti*^«lftie'i«M«leti^»>  oi  ij:«jv  ,/j /j  Wi..    ^     ..    : 
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OF  qfl}lff}V  Jf^J^KO^EfiA.  131 

l^^|r)u%  j[^p^l||%i^  of  \tj|>eif«,f^  t)ie  <u:t^  of  the  bqo;  it 

i^^t  tbe,lM(^i|^Q|^.Qisitte^  f^c^cUogMi  the  )iollow :Ct)0«»;  received 
po  addition  Iq^ts  ^i^Hiltitjj  fr^in  ja^qt  ,^bejc  source  tb^  ;iM  exposed 
l^mispt^tre, „Y|i  fn%^  jopocludi;  f^iMpi,  i^si ^p(^»ni9icpi  tiMi^iuefa. notwitl^ 
•t«^djiiif),t^  gi^^iri:;unfer^^|of  ;tb6{i;Qt»e,it  filM^al  tbedUiUMh 
of  6  degrees  from.^f:  b^^^*  |t(k^a^ji|ff^.^9D^wilb  i(igrefi9ed  Justre^ 
aUbpfigh. the  d^HMeter  of  ^n  annular  section  of  it,  in  tbat  place,  must 
have  )>een  nearly  15  miilioos  of  miles,  and  was  but  little  more  tban 
half  a  million  at  its  rising  from  tbe  envelope. 

This  consideiation  points  out  the  extreme  degree  of  rarefaction  of 
Ae  laminoiis  matter  about  the  end  of  tbe  tail;  for  its  expansion 
while  still  much  confined. iiltlle  $^^ms,  at  the  altitude  which  has 
been  mentioned,  nmst  bare  exceeded  the  density  it  had  at  rising  about 
524  tinges;,  l^ul.  y^|yEfta^terw|ird§  it.extended.  itself  so  as  to  proi^uce 
aeairly  an  evenly  scattered  light  over  tbe  whole  compass  of  the  end 
«f  the  tail,  we  may  easily  cc^isgpjto  what  an  extreme  degree  of 
rareness  its  expansion  must  have  been  carried. 

Tb^  vacancy  occasioned  by  tbe  escfipe  of  the  nebulous  ]D9tt^» 
'ffHch  after  rare&ction  passed  from  the  benfi^pbere  exposed  tp.  tbf 
irab  into  (he  r^'ions  or  ibe  tai)^  was  probably  filled  jxp^  ^eitli^r  jiy  ^. 
'sttccesision  o^it'ironi^  the  opposite  beniis^bere^  pj;  ji|^  a^ot^ti^Ojqf 

ijd  t^^  .'jgra'dual  de^ono^^tio^  .^^fiUiii 
arried  on  as  long  as  apj^  remained,  tp 

$s  tpok^UiAe^  s^ms  Xo  }^  syipi^rted  Ajy 
^  made,  diirmg  the  T<jgie«iioi}  pf  V*^!f^ 
r  the  space  between  the  l^ranjche^  of  \\iip 
lie  comet,  became  graduaUj^.of  a  darker 
appem^ce  Jthan  before ; .  mhicJi^  jf 
loiis  matter.that. bad  former iy  be^ 
A  rotatory  motion  of  tbe  comet 
alsbexplkm  the  frequent  v^iati 
brandies  whuh  incloseil  the  tail ;) 
jnatter  ahoy  id  W  y"<>^e  juiactif^tibl 

;  tkm^fWm^'fAi^T^p  ftnoimMtory  motion  would  bving 
itf  diiereat 'Situations^  and  causfa-^ 
noveofflasscopioQsemisskHi.of  ilindifierent|iKices.  ^ 
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.  Tbe  ^ddiiialliff  ftiMrt  and  Mii  dooMe  ttreamsof  nebfiloiis  ligHt 
which  issued  from  fhe  vertex  or  Me  M  tlie  eofeiebl^d  en^^lope^  fii 
the  gradual  regress  of  the  comet;  tend  Mieti-ise  to  ttdd  probability  to 
the  coocefltioii'of  a  rotatory  inotioo  t  ibr  the  cliaii^bfe  appearanc^ 
mi  the  sitttalioti  of  these  streamlets*  nHght  aHbe  fri^Vn  'a  periodical 
exposition  lofsoiae  retuaiBifig  Mtf  11  portiom  of  leis  rarefied  roatterj 
svhea  nearly ^Imwlioto'^f it -hadbtoitkhaiteted.''  -' 

'  [Herschel,  Wil.  Traiis.  1612.] 

,'  ;  .    .  '..  c''  Ji;  .'v        •    t.  t      . 

,     ■     '           *    .  *                 fl         •'!*  .4' A 
.,  .         •  ,'     i      >,...»'•  '*!  t^f' •      1 

CHAP.  XIV.'  ■  ■   -  '  :''-.:'-.       -.' 

ON  THE  HESULT  OT  A  COMBT*S  JEETHELlo'k^  f  ASSAck.     ^ 


AFTER  tiaving  given  a  detail  of  phsenoraena,  and  entered  into  a 
research  of  the  most  likely  manner  in  which  they  were  p^pducedj  l 
^hall  only  mention  what  appears  tp  ht  to  be  the  most  probaUe  con* 
sequence  of  the  perihelion  passage  of  a  comet,  ,    , 

lli^  quality  of  giving  out  light,  although  it  may  always  resicie  in 
a'cbmet,  a^  it  does  in  the  immensity  of  the  nebulous  matter,  which 
I  have  shown  to  exist  m  the  heavens,  is  exceedingly  increased  by  ifs 
approach  to  the  sun.  Of  this  we  should  not  be  sensible,  if  it  were 
not  accompatiied  with  an  almost  inconceivable  expansion  and  rare* 
Au:tioh  of  the  luminbus  substance  of  the  comet  about  the  time  oif  iU 
periheKon  passage. 

It  is  aditiitted,  on  all  bands,  that  the  act  of  shining  denotes  a  de- 
composition in  which  at  least  light  is  given  out;  but  that  many  other 
dastic  volatile  substances  may  escape  at  the  same  time,  especially  in 
80  high  a  degree  of  rarefaction,  is  far  from  improbable. 

Tlien,  since  light  certainly,  and  very  likely  other  subtile  fluids, 

■     -  '       ■  •   ■         '' '    '         ' 

•  ThepaMageta  wUcMtf^inaighei  neieii^d  tite^aat  tewMttiteiwetfc^ 
|e«n  q^^i  opposed  to  aphdhih  isoaUilntiBg  Ike  c«Mt's  higlwif  ^  awwt  ii»^ 

tant  point  from  the  sun.— £iUtor. 
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A  comet's  fzum^tiojK  passage^  MD^ 

flfco  escape  ik  great  •btiodaiiee<dttrliif(««dbiideraM5  t^irM^^^re- 
HUmI  aftec  acometV  iicwrctt-apin'oaekto  tiM  md.  I  look  itpoiia  )p«vi^ 
bdioii  fNBsiige  in  some  drgme  asaii  actof  4NMisolkktkiii.>  > ' ' 
t  K  Ibis  idea  ishonki  be  admttled,  we  may  dfaw  some  lotermtiiisp 
€»9tt«hfskuia  limn* iT*  Let  us^  Ibr  exampley  compare  the  phfetfomeiNii 
tet«ceottipkinM  the  oonwt  of  IRd?  with  those  *of  the  presont^oe/ 
The  fihit  of  ihete  in  itainppmHfa  to  Hite  saa  oane  witMa  dt  iMUi<mt 
of  mttks'bf  jtl|  awliutiiii,  when  ibages^  covered  «iii  extotttof  9> 
nuUioii8«  The  preteitoiie  ia  it&.petrihdioii  didnot  comesoneaat 
^  sun  hf  oeai^  afiunilMoas  o^iaijeflv  asdneverUndtss  acqahred  «| 
taikSh  millMMis  koiseciibaiitbat  of  Ibe  former.  The  difierenceiiwB 
tteir  diilMecaiimBllleaaafth  If  boa  these. measares- were- >takenwaaf 
but  about  2  i^iitlioBS.  • 

'.  IThefe  jMty  war  Acfttaoitf  Mflk^  ritat  V»t  oeMolajtatioli  of  the  ecnuet 
of  .Mi7^iM|MU»itcaM»  to*tl^  periiMiab^  haillalreadjr  tecs  carried. 
tfk^,mifi}^k^fmM':idk^lit  than  that'  of  ^thti^prtseat  >ofie/  by  some* 
toro^  ^ptoafibtlo#ur:teii».a^  tOiCahetf/aMlaHy  contracted :ee- 
Vll$Ubiilie%:tttth'a»welvii«  ieafo^  the'fiaed  itarstor 

l^J;       ■■   :i  ^^  T/'-'i  ..   [,;  '  ',      .• ;..-  ;•       ■■..'-       t 

.(i And  that 6Maets  oMiyipfitt  roaad  other  sant:  thai)  oaisi  is  jendeisd. 
yrohlkble  frelBi  Our  kaowiag^aa  yf^  wkfa  certainty;  thefetaro  of  onlyi 
oCB^eofu^t  among  thie  gre^t  auiuMr  that  have  been  ohperted*  ) 

.  £tpee  tbeo»  ^from  what  has  faaen  aaid»  it  is  proted  that  the  enflo^i 
ence  of  the  sun  upon  our  present  comet  has  been  bi^ond  all  coin«i 
I^tMist»n  jfaaQ^r  Ibiii  #. waa  uj^n  that  of  1 807 ;  and  smce  we  cannot 
suppose  our  sun  to  have  altered  so  much  in  its  radiance  as  to  be  the 
cause  of  the  difference  |  have  we  not  reason  to  suppose,  that  the 
matter  of  the  present  comet  has  either  very  seldom,  or  never  before 
passed  through  some  perihelion  b^  which  it  could  have  been  so 
much  condeused  as  the  preceding  comet?  Hence  may  we  not  sur* 
mise  that  the  comet  of  1^/  was  more  advanced  in  maturity  than 
the  present  one ;  that  is  to  say.  that  it  was  comparatively  a  much 
older  comet, 

^^hould  the  idea  of  age  be  r^ected,  we  may  indeed  have  recourse 
to  another  supposition^  namely,  that  the  present  comet,  smce  the 
time  of  some  former  periheUoo  paseage,  any  have  aeqaiied  an  addi* 
tional  quantity  (if  I  mmy  so  call  k)  of  unperHMmied  matter,  by 
moving  in  a  parabolical  dkection  through  the  immensity  of  space, 
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ctm^^imsing  idbriiady  mtM .  aolMitji  in-  jto  f  bucIm^  >  tboiiid  carry  >off 
a  portion  of -tuch  matl«r^  «oan0ot:be  infirobaUew'  itN^^'^m  tbe^ 
€om|rii^.»re««N«iblaime  of  imuiy.tQtteUtoaiiiiiiibinriof'iiebQla^  I 
baye^aeoyl  |tliii^»ttoot  ^mKkely  that  thte  mailer  iiejFcdiilaia  is'  ofi*> 
gioaUjJMbiiloiiik  ; Ji  ttHiy  tbtr^ore  tioanbly>  bkppmttim^uois^f^ 
tlieildbialig;  inl«tHcfa{'tiii» nailer  b  abtadj  ia^aihigii'irtata  of  tcoii^ 
densafiaiV  Biagr  ib^^drawo  towtvdi  Ibe  naeivM  celestial  tody  «f  tbo' 
aatiireiof  ourstmt; raadiaAei  Ibeiv'^rtl periiioliBO>pas«Bge  loiiiktit' 
proceed^  is  airtaiiboHfidiBccti0a,>ilomrdi  soMelttlier  gkattaribody  {* 
«wi^  pam^jsood^veif  if#ni.oot>  tor^am^^ri  ivNq^  ^Miiie  into  Ai^ 
sBgioii9i£:oorj8i%>ailin«.at  last  are  pcuceaie  4be»<tmMfonfaed  imo 
comets.  ,    .M-  .-•  -  '  * 

'  THm  Wiliaut)  ipyiauBbi  ^  tebr  iviaHjeeaart  vmf  ^M9efei«l>e 
ilM»ihMl  tcMrierla  itt  JimiigTbvtlatt^  ««lefgeil.ftDi*«a#buUlk4oiK 
dilMa.  ee  ti>teviag  ta^riadioSaoMivof  the  oateUNis  ahit^eri  «Httale# 
iDlbe  far  tKtended'lNnaicb  of;  kif  iHuraMk  aaotkb/  Tba  first  o# 
lliHeHa»4aiiiil  ieadiittoiGOticchna4iow  |rfaoel«y^bodiia«a|^b^|bi^ 
to  haft  aa  existence ;  and  the  second,  how  they  may  increase,  ai^' 
db  it  irar^  groar  np  to^  siatarity.  fm  if  tim  taoMtaibo^  of  flwsh  nebii* 
h|lia>malttaicaahe  jKliwttnl  to  hafiprii  oooe,  whi^  faiaders  wiJMti 
believNi9««qpKtilioiitof  iti  probaMtt  1  and  ia  the  owiof  patahoife' 
iwat^pa/  th»p«iBaage  of  a  comet  tteaagh  faohmwe  feghms  of  sach 
arnltar  Jf  UmivMdaUe*. 

'  :;;  -t.  (•:  r..  .,y    ;..;;.  •      '    .        •'     ■     .  ..'.       .  .        '  .  ."    (.:     '    ■    ,  [>'-' 

•  a  t,  ;,-'.,,,;*»,     ,1  t  ,4  .   ,         ,    ^     .  .-   '    .  .    f 

•  ■  'w    :'.     I  1    «  »  .  .1   •.     J'  •/  It.     .i  f  *  .J    .  ;  H'       *<  .  i        .         ^   -  '  - 

i      t.  *  .]     •■  .  •!    i-,;  i*i  *•  !!.,<./'    *^.J    n    .    '...     -f    .-       .  .    ■-       .    ; 

-   .'■'    *■  ,1    >         ..  U  'inv  I  J    ^  ,    .')<"•    .•>.)'       ,'  .  ^       .-  V        ,-    : 

f.       i    V         .    ■        .    Ill    •     1-'   .  .     :   i.   ;.'»     «J       ,  v'     '  I      •        *  ■   .-      »   -..♦  '  •-'' 

ii  .J.;    .,  -  W.'  .;  :•  .  ."'  ->  '*../  ii  i..'ij   ,'^  ■:     :..-,.;    .^^   -    '       «   '  '•' 

-"■'•;    ■"  '     ,f,  '.'•'  -1   -'  ,  ■   ai  . .".  "J**     :■    j.-J.  .  ^  i  .    .  ,,*1  -.  -:       ».    >' 
■   i    *,.'.'   f'i..  Tti-ji    .  J  .  ,      ij  (-•  i.u)      .'    .    .*»  *.    .  }      i.*:r.  vJ    *^  ' - 
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C:hAp.  XV. 
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"    f.  I 


:       .    I  f  .    'M  '^     -      -• 

GEIYERAL  BftMABKS  ON  THE  PRECEDING  CHAPTERS  RELATIVE 

TO  COMETS. 


T  is  manifest  fton  Cluster  X»  :tbat  Dr.Hendml,jmipjf99i^  t^ 
^met  of  1811  to  hB,tt  been  prodttctd  fmm  odMoMt  ii^i^  Q»li- 
«i8tent)y  with  his  theory  ootictd  in  cbuptm  VU  and  .VIU;  lbi|$ 
inch  li^tbiecatne  pngtminiy  oom^^M,  m4  tM  » l^tf^ilf 
luiQinoas  ipatter  bud  bteen  exbai^d  ip  i|s  a|^[>nmch  to  sofne  other 
tlarsli^ifort  its  p^ribeiion  path  in  our  (mm  qnUoi.  .  Yet^ooi  tbf 
leogtb  of  it»  my,  ai^  the  itufiiaout  envelope  thai  umonadod  ili 
OQter  Koe,  comppii«d  with  those  of  the  comet  of  l{80f  i  i«  tbiiihi 
it  must  have  been  of  moch  liter  date. 

'  The  cOifeet  of  lWf,'in  ksapproach  to  the  wn^adn^umd  within 
•ixty-oae  n^Ucms  of  miles  of  it,  and  it9  tail,  when  longest,  eo?ere4 
an  extent  of  nine  millions  of  mSes. .  The  late  comet,,  iir  Ms  peiif 
heUoli  did  not  patsvo  near  tbo  «nn  byabpot  ibwi^Ji  mJUaaoa  of 
miles,  behig  aboot  two  thuds  only  of  the  closest  appioi^oiatm  0$ 
the  preceding,  and  nevei^lcas  acquireda  taS  of  ,iipiraida  of  ^ 
hmidred  nittionsof  mSes.  Blay  we  not  then  coi|di|de^f8«heiMggmls» 
that  the.eo»olidatioB  of  (he  comet  of  I8O7,  when  it  reached  its 
perihelioo»  had  already  been  carri^  to  a  moch  greater  degree  of 
density  than,  that  ei  the  last  comet,  by  some  former  ajqproacb  to 
onr  sun,  or  to  some  similarly  constmeted  celestial  bodies,  siicb  at 
we  have  itason  to  believe  the  fiied. stars  to  bel  And  that  cQHMts 
may  pass  toond  other  suostban  oars,  is.  rendered  probable  froif 
our  not  knowing,  with  certainty,  as^yet,  the  retam  of  more  thaf 
one  comet  among  4ie  great  number  that  l^ve  be^n  obKrvedl 

He  cakobtes  the  bright  point,  or  what  lye  may  admit  to  be  tbf 
aolid  or  planetaty  body  of  the  tom^  at  about  42$  miles  m  diV 
meter:  and  that  its  distasoet  Afom  the  earth,,  at  the  tiase  of  makiog 
hb  observations,  was  1 14  millions  of  miles.  It  exist^  in  a  stelli* 
form  nnckus  which  he  calls  the  head  of  the  comist^  the  diameter  of 
which  he  calcnialea  at  i37  tbontaiid  miU)s^   It  was  simonodcd  by 
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Hi  GENEltAL  REMABKS. 

m  circular  darkish  space  which  he  supposes  to  be  an  atmospliere^ 
and  computes  at  5Q7  thousand  miles  in  diameter.  Hie  tail  varied 
in  length  and  breadth  front  September  %  when  he  could  perceive 
none,  to  September  9,  when  it  extended  9  or  10  degrees;  Septem- 
ber }B,  when  it  reached  11  or  12  degrees;  October  6,  at  which  il 
possessed  25  degrees,  which  was  its  greatest  lengtli.  On  October 
12,  it  was  17  degrees,  and  on  October*I5,  23|  degrees,  or  some- 
what more  than  a  hundred  mittioa  of  miles.  Tlie  breadth  of  the 
tail  yaried  as  well  as  its  length;  on  October  12,  it  was  6^  decree* 
Ih  its  broadest  part,  or  nearly  15  millions  of  miles. 

'  The  general  sliape  of  the  comet  he  calculates  tirast  bave  beeif 
that  of  an  inserted  hollow  eone,  terminating  its  vertex  in  an  equally 
hollow  cap  of  nearly  an  hemispherical  construction;  the  capund 
sides  of  this  holloW  cbne  bemg  of  inconsiderable  thickness.  The 
fail  shortened  rapidly  in  November.  On  the  5th  it  was  12|  de- 
grees; on  the  lOrb  7|;  December  lOtfa  5  degrees,  and  of  feeble 
Ifglit ;  on  the  14th  nearly  the  same,  but  the  light  very  considefably 
feebler. 

To  ^ese  remarks  we  may  farther  add,  that  ilHe  tail  of  the  comet 
of  iGSOj  was  nearly  equal  to  that  of  1811,  having  been  cakuhited 
at  a  hundred  milltons  of  miles* 

'  Degnighes  enumerates  two  or  three  hundred  comets  mentioned 
by  Chinese  writers.  Doubts,  however,  have  since  been  thrown  upon 
the  Vmthoritles  referred  to.  •   i 

•  £xtensiTe  as  are  oibits  of  comets,  from  their  eccentrlchy  they 
have  sometimes  approached  much'  nearer  to  the  sun  than  any  of 
the  planets;  fbr  the  comet  of  1660,  when  at  its  peiibdioD,  was  at 
the  distance  of  only  one^^ixth  of  the  son's  diameter  from  it»  snriace. 
Yet  frt>m  the  very  inconsiderable  density  of  their  esDrmons  taSs, 
and  even  of  the  greater  port  of  the  nucleus  k»elf,  should  it  ever 
happen  to  a  planet,  of  which  diere  is  but  very  little  probability,  to 
fail  exactly  in  the  vtiy  of  «  cometi  it  is  supposed  that  the  inconve- 
nience suffered  by  the  inhabitants  of  the  planet  might  be  merely 
temporary  and  local :  the  chances  are,  however,  much  greater,  that 
a  comet  might  interfere  in  such  ^  manner  with  a  planet,  as  to  de* 
Vect  i^  a  liftle  from  its  coiitse,  and  rttke  again  witboot  coming 
actually  into  contact  with  it.      ' 

'    NeaHy  500*  comets  are  reeordeil  to  haVe  him  seen  at  di^bent 
times^  and  tlie  orbits  of  about  a  hundred  have  been  concctly  as* 
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Oi^sMHed:  bat  wf  tove  no  4>pp9tjhtoi^  ofobsemogt  aiiffident 
portion  of  therorUt  of  any  tototet,  .to.  detcnniiie  ;W]th  tt^oiM^  tlM 
:Kirbpte  of  U9  form  as  tit  dli^>;  9io<;e  tlie  pari  which  is  ivitian  the 
Iknks  of  our  diiservatiod  doet  not  sensibly  differ  fiom  the.parabolay 
inrhicb  woijiid.bc^  tile  result  of  sn  eiiipfis  pcotopi^ed  withoot  ^od.    . 

Two  comets  at  least,  or  perhaps  three,  have  been  recogoized  ia 
their  return.  A  comet  appeared  in  1770$  which  Prosperin  suspected 
to  move  in  an  orbit  materially  different  from  a  parabola ;  Mr.  Lexell 
determined  its  period  to  be  5  years  and  7  months,  and  its  extreme 
distances  to  be  between  the  orbits  of  Juj^iter  and  of  Mercury ;  but 
it  does  not  appear  that  any  subsequent  observations  have  con&rmed 
his  theory.  It  has,  however,  been  calculated,  that  supposing  the 
tbeory  correct,  it  must  afterwards  have  approached,  so  o^r  to 
Jupiter  as  to  have  the  form  of  its  orbit  entirely  changed. 

Dr,  Halley  foretold  the  return  of  a  comet  about  1 738,  which  had 
appeared  in  1531,  in  1607,  and  in  168^,  at  intervals  of  about  75 
^ears;  and  with  Clairaut's  further  eerrection  for  the  perturbations 
of  Jupiter  and  Saturn,  the  time  agreed  within  about  a  month.  The 
.mean  distance  of  this  comet  from  the  sun  must  be  less  tlian  that  of 
Ae  Georgian  planet ;  ao  that  by  impioviog  our  teleseopeft  stiti  more 
liighly,  we  may,  perhaps,  hereafter  be  able  to  convert  «>aie  of  the 
comets  mto  pbin^,  so  far  as  their  remaining  always  visible  woold 
.entitle  them  to  the  appeUatioa*  Dr.  H^Uey  also  supposed  the  comet 
of  168O  to  have  been  seen  in  1106,  in  531,  and  in  the  year  44  be(» 
A»re  Christy  havn^m  period  of  57^  years;  and  it  has  been  sttspteted 
4bat  the  comets  of  IS56  and  ia64  were  the  same,  the  interval 
l>eiog  ^92  years ;  a  coqiecture  wfakh  wiU  eifter  be  oeofiniied  or 
4:onftited  in  the  year  ]$48.  Some  persons  have  even  deubted*  of 
the  perfect  coincidenoe  of  the  orbits  of  any  comets,  seen  «t  diiareot 
times,  with  each  other,  and  have  been  disponed  to  consider  them  as 
messengers  forming  a  conmiunication  between  the  qeigbbonriilf 
eystcms  iaf  the  sideccal  world,  and  visking  a  variety  of  stars  in  sue* 
cessioD,  so  as  to  have  their  eoursM  alttKd  continwilly,  by  the 
attraction  towards  many  diffident  centres ;  but  considering  the  coiit» 
cidence  of  the  cakidalion  of  Halley  and  Clauraut  wi|b  the  subse- 
quent appearance  of  the  comet  of  1759,  this  opinion  can  scarcely 
be  admitted  to  be  in  u^  degree  probable  vi^itii  respect  to  the  comets 
Jn  general,  bowevei"  poiMible  the  snppo^tion  9iay  be  b  some  patli* 
cular  cases. 
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. .  The  veadar  nay  \ipon  this  tatijott  ^ntdt  «M  BOrtkotiniii  Dt  CoIa 
iMtis,  4to«Copeiiiiiifeni  1<S6*5 ;« HooirVLtctunes  Ml  0»declloii8>4tdi 
i676s  Coiiittay«^Fi|int8i»  pL  2,^8 ;  IM«fii«t,  Ueb«r  dtmCtka^Unt  M^ 
JPetcirsb.  1743 1  DioM dti S^^mr,  Emi m  le» C^fnetes^Piirki  1775^ 
i>fjr2iiigiidf,S«£.  X.  17S5.  App4  39;  ybti/i/i  Nat.lHiil.VoL  Lp.  5lSi 


CHAP,  2^VL         . 

^VhO^SI^  05'  THB   PttlKCrPAL   KtEMENtS    OF  ASTROJIomY, 
BEDUC&D    FROIIl   M.   LA  PLACE'S  EX P6SlflOK  DU  SY3T£M£ 
*     DU  MOIfDE. 


XHB.foHQwkig  article  is  drawn  from  thethirdtedttkiiof  M«La 
f  face's  ?ery  eicdlent  Exposi^m  (ibosy  m  Which  |he  author  hai 
^en  the  riemeiits  of  the  planets  in  a  more^corrcfct  niautier  than  ia 
Iritber  ei  the  preeediog  editioas;  and*  wherein  be  hi|i  r^ftsed  and 
aawnded  all  bk  foraier  cadcnlatibos  by  more  ^rf^cent  and  e»ict  ob^ 
aervatioasw  .<!-.>. 

Hit  anaageoMDt  of  the  present  memoir  i|  soiMwfaat  new ;  bat 
toanj  persons  have  frequent  Iboild  the  want  o#a  toamial  of  tUi 
bhidy  wheee*att  the  difiereot  ifiaeUi  relative  to*  astronomy,  mi^tbe 
brought  under  their  respectnre  beads,  withonf  tiie  oeoessity  of  Utrm 
j^  torn  variety  of  works  i&t  infom«tion.  Much  <^ie  b  oiteq  kMl 
IB  ft  research  of  that  kind,  widcb  it  l»  the  object  of  the  pieseat 
•batiactto  prevent*  > 

In  the  oiiginal  woik^  the  anlhor  fa^s  nnivtodlj^' adopted  the  d^ 
ciroal  diviskon  of  th<b  day»  and  of  the  quadcant  This^method  is 
here  (»esecved  in  the  Tables  of  the  Ekmentfr  of  thePhmks;  bat,  ia 
Jiibseqaent  parlBy  the  common,  sexagesimal  ootatioa  ia  adopftedt  as 
being  more  easily  understood  in  thi^coootry.  • 

Some  other  fiusts^  not  raentMed  %  M.  La  FIsieey  are  inserted  ie 
Ibis  tra<^>  in  order  to  enhurgellie  view  of  ihea^bjeet :  but  theaepaa* 
sages  are  always  kept  separate^  by  being  indosed  within  braek^i#^ 
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...  ''The  Sun. 

The  SttBt  which  is  tb^  source  of  Ugbt  and  beat  to  our  system^  is 
the  most  considerable  of  aU  jthe.hea'reuly  bodies,  and  gov^ns  all  the 
pbnetary  motic^ns^  ... 
--  Its  diaipeter  is  111*454  ti«ea  the  mean  diameter  of  the  earth; 
whence  its  volume  is  13844^2  times  greater  than  that  .of  the  earth; 
but  its  mass  is  only  337086  times  ^eater.  Whence  we  conclude 
_  that  its  density  is  ^rrUK^^  ^^^^  i  ^^^  of  our  globe. 

It  b  sorrounded  by  an  atmosphere ;  and  it  is  oftentimes  covered 
with  spots.  Some  of  these  spots  have  been  observed  so  large  as  to 
exceed  the  earth  four  or  five  times  in  magnitude. 

The  observation  of  these  spots  shpws  that  the  Sun  moves  on  its 
axis,  which  is  nearly  ptrpeoflicular  to  the  ecliptii:;  and  the  duration 
of  an  entire  sidereal  rotation  of  the  sun  is  about  25^  days. 

Whence  we  conclude  that  the  sun  is  flattened  at  the  poles. 
"  The  solar  equator  is  inclined  7'  80'  to  the  plane  of  the  ecliptic' 

A  body,  which  weighs  one  pound  at  the  surface  of  the  earths 
worfd,  if  removed  to  the  surface  of  the  sun,  weigh  27-933  pounds. 
And  bodies  would  fall  there  with  a  velocity  of  334*65  feet  in  the 
first  second  of  time. 

The  sun,  together  with  the  planets,  moves  round  the  eomrnon 
centre  of  gravity  of  the  system ;  whfch  centre  is' nearly  in  the  centre 
of  the  sun. 

This  motion  changes  into  epicycloids  the  ellipses  of  the  planets 
and  comets^  which  revolve  round  the  sun. 

The  sun  appears  to  have  a  particular  motion^  wiikh  carries  our 
qrstem  towards  the  constellation  of  Hercules.  *' , 

'^  The  apparent  diameter  of  the  sun,  as  seen  Amu  the  eardr,  under- 
goes  a  periodical  variation.  It  is  greatest  when  the  earth  is  in 
its  perihelion ;  at  which  time  it  is  32'  35",6:  and  it  is  least  when 
the  earth  is  in  its  aphelion;  at  wfaicfa  tiikie'it  b  dt'Sl^'A  Its  mean 
apparent  diameter  is  therefore  32'  Z"J^* 

His  horicontal  paraUax  is  af '\   '  . 
-    The  greatest  eqoaticii  of  his  centre  is  l*"  55'  27'^7 ;  which  dimii 
DiAes  at  .the  ntfe  of  16'',9  hi  n  century. 

Tlw  dionial  motion  of  the  sun  from  east  to  west,  and  bis  annual 
■wtjon  hv  the  ecliptic,  are  optical  deceptions;  arising  froip  the  real 
au>tioii  of  the  earth  on  its  axis,  and  in  its  orbit. 

TOL.  I.  L 
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'146  ittuiniB  of  Ari^KailMlf . 

The  Phmdt. 
\  The  number  of  planets  belonging  to  our  system  is  eleven.  Slix 
of  these  have  been  known  and  rtcbgniM  fi'Ott  time  iiiinfemidl^ : 
namely,  Mercnry,  Vemts,  tfae  Eartli,  M^s,  hUfUti  and  Sitttfu.  BiM 
the  remaining  five,  which  are  not  visible  to  the  takek  tyt,  ha^ 
'  htely  been  discovered  by  tbe  help  of  (he  telescope  $  and  are  there- 
fore called  teleseopic^phinets :  nam^fy^ 

Uranus,  discovert  by  Dr.  Herscfael*  Mareh  13^  l/SU 

Ceres.; Mttva:A,..  Jammiy  1,  1891. 

!^dlas, M.O«^rsi..  Miirehaa,  190»)^ 

Juno, M.  Hardiog,. .  Sepfem.  I,  Vt&Si 

Vesta, M.  Olbers,..  Sfaftb^ilsO/. 

All  these  pbneti  vevohe  rontkf  l!ie  son,  as*  th^  tMOit  of  ndnftion  ? 
and  hi  performing  their  levoltitions  they  MkiW  the  ftadtmitfiMil 
laws  of  the  planetary  motion  so  happOy  discovered  by  Keptier ;  and 
which  have  been  fully  confirmed  by  subseijuent  observatiOM^  These 
laws  are, 

L  The  orbit  of  each  planet  is  an  ellipse ;  of  which  the  sun  oecUpies 
one  of  the  foci. 
The  extremity  of  the  major  axis  of  this,  ellipse,  nearest  the  sun,  is 
^called,  the  perihelion;  the  o^iNMite  extremity  of  the  same  axis  fa 
called  the  i^dielion.  The  line,  which  joins  these  two  points,  is  called 
the  line  of  the  apsides.  The  radius  vector  is  an  imaginary  line  drawb 
from  the  centre  of  the  sun  to  the  centre  of  the  planet,  in  any  part  of 
its  orbit 

The  veloaity  of  a  planet  in  its  orbit  is  always  greatei^  at  its  peri- 
helion. This  velosity  diminishes  as  the  radius  vector  increases;  till 
.the  plao^  lurrivcs  at  its  aphelion,  when  its  motion  is  the  slowest,  tx 
then  iii6i«ises>  ia  an  inverse,  manner,  till  the  planet  arrives  agam  at 
its  perihelion 

Ih  The  atfeas^  dMiibedabonl  the  snn  by  the  radiua  vector  of  the. 
planet^  are  proportional  to  Ae  tiilies  emfrfoyed  in  ckaeribing  them*. 

These  laws  fure  sufiicient  for  determfatmg  the  motion  of  the  plldiets 
"iroui^d  the  suh ;  but  it  Is  Accessary  iii  Miow,  fbr  e^h  of  thestt  planets^ 
seven  quantities ;  which  art^  called  tl^  ^lefebeifti  6lF  iMk  ett^ilkial 
motion.  The  first  five  ot  these  element  relate  fo  tli^  tUDtldtt  ih  an 
ellipse;  the  hst  two  relate  to  th^  position  of  the  diVtt;  lutt^  Ute 
planets  do  not  all  oiove  in  tUs  s^otte  plane. 
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Ut 


1.  The  dor9t^  of  a  sM^ftil,  relfciIilMtp  »f  *el^aq^t. 

2;-  Hflf  the  major  axis  of  tiie)orlnt )  Or  Uie  meao.  dj^tance  ofdM 
ytMM^fMlillhe.saiL  ...'  '    • 

§.1fkiiheiseatricity^(m  dHk'^;^  Wtenc^M^e  deduce  ihegrd^ 
*qttetfoi6fth^cfelitiV.  •  

4*  the  mean  longitude  oi  tlie  pfanet  al  a  given  eJK)*ch'«         , 

5.  llie  longitude  of  the  perihelion  at  a  given  epoch* 

6,  llie  longMdcf'of lIBe iMb  aVm' giv«n^epocB«    . •. . 
7*  The  inclinatkni  of  theorbil  to  the  eeUptic. 

Tte  Mlowing  fablies  preMrt  all  the^  elemejtfs  fpr  ^Qiip.Qrst  iihM 
ioMt  ^1  the  present  eeoTVe^  ^  liaii^^^  M  that  |)oiat4)f'  tin^iS 
Ad^ght  iddeh  separatef  <hiii  S^sk  6i  ^eWmber  >80(^*and  thfe  1st 
of'jTanuary  1601;  inean  Gine  at  t*anir.-.--tr^«  bb'^Nsftb^^  at  Paris 
is  in  north  latitude  48**  5€f  14^  and  in  longitude  9'  21 'east  ^ni 
Greenwich  obsefffOt^iy,}'      ^ 

1^  Duration  t^a  ^iertal  Seiofutlon, 


days*. ' 


^Skf€, ' 


^   --^ ^1'^9^5s6A,iCires : :  1 6sr*539o6bad 

Venus. i54*Yo6g^99  f  f^Was  .  ^  ♦ . . : . .  166l709Cbo6^ 


Earth 865 '2^638350 

Mars 666-9706^860 

Vesta  ...:....  I3fi3af-2DS«K)66 
Ibno: .  •  •  »/;.';/U9e-996O0O0b^  I 


Jupiter. . ,  .::::^^^'$^(^m 

Saturn 10^5  $'96984000 

tJi-aiWs  ...... ra5f8d7ia68720 


^.  iETean  Disfdrkif/rd^  tkh'SiM 

MercttrV.i.i;.;.i;;.-3870»i'    CerW  .w.^^*/^.i.a767«W 

Venus. •7233323    PaHtb  ...444...«».2/767»^ 

Earth  ......^•*..,.  l'H)QOOQOQ    Jupiter.v.v •.^5'2Q27?11 

Mars    ' 1-5236935    Saturn..... 9*53B7705 

testa ,...2-J5^306qO    tTranus  ....V.....1&^1 833050 

iuho;* 2-66^1630  j- 

5.  Ratio  of  the  Eoctntri^y  to  haffthe  Mcffor  JxU^ 
Mercury.......... •205314$4i<^»   ....• -07834860 


V«mis:,..*.....*-096«S$298 

Earth  ,.•...  01685318 

Sars -09313406 

Vesta  •09322000 

JiiW),..;;....i../.'i»94400 


.Pallas  .i ....-24538400 

Jupiter •04Bl?*4q 

Saturn -05616830 

UtaiAii  ..........    •046«70W 
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*4.  Mem  Lmgktide)  Jdnuary  I,  1801. 


Miwcury 182»  15647 

Venus  11-93672 

Earth .ail*28179 

Mart 7P24145 

Vcfta 297M2990 

Juno  322-79380 


Ceres 294«l6820 

Kallas 880*68580 

Jupiten  ..•••, 124»67781 

Saturn 150»  88010, 

Uranus..' 197*^54244 


5.  Mean  Longitude  of  the  Ferihdion. 


Mercury 82*  6256 

Venus  142»9077 

Eartk 110-5571 

Mars..,;,.,....,..369'»3407 

Vesta 277'' 4630 

Juno  59*2349 


Ceres.. 162*9565 

Pallas., 184*7040 

Jupiter   12*3812 

Saturn, 99*0549 

Uranus. 185*9574 


6.  Longitiide  of  the  (ueendwg  Node, 


Mercury 51*0651 

Venus ; 83*1972 

Earth. 0*0000 

Mars 53'' 3605 

Vesta ..114'' 4630 

Juno 190»1228 


Ceres 89*9083 

Pallas •..  191*  7148 

Jupiter 109»3624 

Saturn 124"  3662 

Uranus 80°  9488 


7.  IncUhation  of  the  Orbit  to  the  Ecliptic* 

Ceies 11»80680 

Pallas  ....38" 46540 

Jupiter   , 1*46034 

Saturn 2*77102 

Uranus  0*85990 


Mercury 7*78058 

Venus 3*76936 

Earth 0"  00000 

Mars 2*05663 

Vesta ,7*94010 

Juno 14»5086O 

The  exanination  of  the  first  two  tables  here  given  -will  show  ns 
that  the  duration  of  the  revolutions  of  the  planets  mcreases  with 
their  mean  distance  from  the  son.  Whence  Kepler  dncovered  his 
thurd  fundamental  law;  namely, 

in.  The  squares  of  the  times  of  the  revolutions  of  the  planets  are 
to  each  other  as  the  cubes  of  thehr  mean  distances. 
The  ellipses,  which  the  planets  describe,  however,  are  not  nnat- 
terable.  Their  miyor  axes  appear  to  be  always  the  same  |  but  their 
eccentikities,  the  positions  of  their  perihelion  and  nodei^,  together 
with  the  inclination  of  >heu:  orbits  to  the  ecliptic,  seem  to  vary  in  a 
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course  of  years*  .These  variations,  being  sensible  only  in  a  series  of 
ages,  are  called  secular  inequalities.  There  is-n6  doubl  Of  their 
existODce;  but  the  modem  observations  not  being  sufficiently  exten* 
sife^andithe  ancient  not  snffiaent^y  «xact,  there  still  rests  some  del 
gree  of  uncertainty  as  to  their  magnitude*  The  following  Table  wHl 
show  the  inequalities  tl«t  happen  in  a  period  of  one  hundred  years, 
and  ai'e.lfae  values  that  a|»pear  to  accord  best  with  the  present 
•observations. 


. 

t 

.    Sjscular  Ikbqualitibs  of  the  PJLANSrri.             > 

The  sign  —  fignifiet  a  DiminuHon. 

Planets. 

In  the 
Eccentricity. 

In  the 
perihelion. 

In  the 
Inclination. 

Inthe 
Placeof>ro<iei 

Mercury 
Venus  .. 
Earth  •• 
Mars    .. 
Jupiter.. 
Saturn  . . 
Uranus,. 

•000003867 
—•000062711 
—•000041632 
•000090176 
•000159310 
—000312402 
— 000025072 

Oo  180110 
—6^  082663 
0«  364140 
0«  488405 
0*^204895 
0<*  597860 
0^  073869 

0°  005612 
-0«  001405 

—0*»  000447 

— 0*>  006978 

^00  004788 

0<>  000967 

— 0«^  241441 
— 0*  577099 

—b**>' 718665 
— 0^  486904 
-0*^  699525 
— 1<>  110481 

There  are  also  some  inequalities  which  affect  the  elUptical  motiop 
of  the  plan^^  ^  Ths^t  of  the  earth  is,  a  little  altered.  But  they  wcp 
most  senabie  in  Jtipiteff  apd  Saturn;  for  it  ap|>ears  that  the  dfira- 
lion  of  tbeir  revolution. round,  the  sun  is  s^l^eet  to  a  periodiofl 
wiatiqn.  ,    .      .    j 

.       Mercury.^       ..,..,    !    .i 

Mercnry  is  the  nearest  planet  to  the  sun ;  its  mean  dislaiMae  hmag 
>ie7,  thmt  #f  tfaeeartli  being!  coasideied  m  vimtj^  TUsmato  his 
liiaa  diitaiiBti  wbtiveBd  millionaofmBes,  > 

He  peitonBsini  sidewal  Devolutioa.in87 i2d^>l5'43'j9aiMlbi8 
mean  synodical  revolution  in  about  1 16  days.  ^ 

The  eoeentricity  of  his :  orbit  is  *2055 ;  half  the  m^ox  um  jb^iug 
taken  as  eqaal  to  unity. 

His  mean  loi^ilnde^  at  the  comnsencement  of  the  present  centmy, 

wasui6' 23*58' 27",©.  : 

The  longitude  of  hb  perihelion  was,  at  the  same  time,  in  2'  14*  21' 
4G^,9*  The  tine  of  the  apsides  has  a  fddereal  motion;  according  to 
the  order  of  the  signs,  equal  to  S^  43'\6  hi  a  century^  \B|itr  if  re- 
fened  to  the  ecliptic,  this  motion  will  (owing  to  the  precession  of 
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Ike  ;eqnMiKH9Ml|ioiftU)  -be  ««hpI  to  ^^'»9  iw  «  yewra  ^rioifaaf 

ii^f^i^;  iy]iicti  9q|^  ^9»|>jf$i^  ^m^l iicie9^<>f  i^oi:a8^»2.ioa 

fiffituiy.  .... 

.   Hi».fi^»  l|t#^  i^im¥^«nMnt^f  the  meMnC  c^ptmb^i  mosBoi 

westward  every  century,  of  13'  O.  But,  if  referred.to  Abeeclit^ 
tjyj  tl^e  place  iif  ihe  nodes  will  (on  accouot  nf  ^ty^  |2recessiQDi]flfa|e 
equinoxes)  ifiiH4iiore  to  Iht  eastward'  AyfJSTfi  ki  n  y^ar^  or  I*  1(^ 
37''j8  in  a  century.  ,_      .     .. 

TbeTrqtatiqn  on  }\i^  -axis  is  ac/ccff^pfisljed  la  I*  if'  5'  28''^.  J^^t 
Hm  iociiDatioQ  of  its  axis  is  not 'kiiowo:> 

{T,he  ^.etcf  of  j^erfury  Is  f^^<fi4  jf  l2?  ipil^;  ^iclp,";:anp^ 

His  ma3»9  <^oini«iured.witb  Ifaat  of  lite  son  consideM  a&  nidty,  js 

Iwe  W;<?Pp^)i<W?  ^%^»*  W^  i<cai^ec4y^d*^^je^8(lft  w^a^^^ 

As  seen  from  the  caitli.  Mercury  laever  appears  al  any  great  dis* 
'lance  from  the  sun  i  either  hi' fhe  momir^'or'  the  ieirimnft. '  -Hb 
elongation)  or  angular  distance,-  iarjeiftrom  \&  l^  to'lS*  4^^.  "  * ' 

His  course  sometimes  appem  tefrogiade;   The  mean'  At,  ^dikih 
^it  de8cri)esiA  tlhis\Ase,b  about  18*90*;  and  its  MetindUrktita 
about  23  days ;  but  there  is  great  difference  in  this  respefct*  VA 
retrogradation  commences  or  Aiislies  when  be  is  about  18*  distait 

i^.  M^iciiiy.flhangsMiiiisc^set,  like  tbt  mooti^  acoordlagilafajpcaai- 
ous  positions  with  regard  U>ihe:eaitb  and  tutotUtMi  ^aawtfrte 
^Ucoi^ed  Wifbout'  the  aid  of'atdeacqpc^iliB  NMaii  fpfarent 
diameter  is  6'^£b^ 

;  {iMei««kry  1*  sometimes  ^seen  to  pdst  oter  thf  mtsAk ;  lAich 
can  only  happen  when  he  is  in  his  nodes,  and  «dien>tUe  cfiitkJsJB  Ibe 
.lanie  longi^i^e.  CotneqnentLj  this  fhattiQmeiiaii  can  take. ^ee 
only  in  the  month  of  May  or  Novcfaiber.  .  TH^  fitst  obiemticn 
'  bf  this  4iiid  was  made  by  Ga^sendi  in  Nov^mfcer  1 681  i  jno^  liftidi 
^{Ma^iodlhey  h»ve  bteafeequeat^  (EbeafEta^fawike  of  tbit  IM 
will  b0  in  NoT6Bibcril8l5;] 
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l|f^  ^im«  SiNical  i^T^iitkMi  b  Htt9Qt  ^84  days. 
"^     Her  mean  distance  from  the  suq  U  *7^  ;  il^t  ^jtbee^t^h  being 
W9Md««^a^  unity.    T1|^  in|Ki^  fi^r  meaff  distance  i^^arly  6«  ^^^^ 
lions  o/ miles.  ^ 

,.  Jt^fTn^fieafx^itj  of  b«  vsbit  U  '9069 ;  half  t^  n^or  axis  l^efng 
CflP¥4«r«4  49  luiily,    tteii^b^lf^teflt^Dtiicofi^Utheplapet^'    ; 
ff^  mKm  l«i^Uac)a>  at  the  coomieaoeQieot  of  tbc  present  cm\ 

.  Tbe  Jfil«iMMk  of  kf^  genk^iiou  v^f^  at  the  simoo  tm^  in  4fS\^f, 
Cf\9.  (Tl^e  Jip^.  of  hfif  9p«d^  has  a  sidereal  n^t?9%  ^ntfffuy  to  t}ip 
order  of  the  signs,  of  4f  ^t',%  in  a  century.  But  if  referred  to  the 
ecfiptic»  this  motion  will  appear  (on  account  of  the  precession  of  the 
At|iaoo»a«)  to  prooefd  aoeordlog  ito  the  order  of  the  signs  a^  tl^i^iate 
9S  43%^  In  a  year*  or  V  ISf  H'A  i»  a  centuiyu) 

(Her  offliit.  is  Nicli»ed  to  the  plane  of  the  oc^ptie  io  an  fp^f  ^ 

0o  ^/  g^//j. ,  ,j^j^  jjj^i^  d««rfaseji  ahioiit  4",^  in  a  century. J        > 

Her  orbit,  at  the  ooniMno^^t  of  the  pr e^nt  c^^^ry«  cro^jied 

Ihc  tdiiiti^  in  %  WVH  98^^«j9«    9ut  th^  nodes  have  an  appafipnt 

motim  jm  tewgHndf  taf  3  V'A  in  n  if  ^r»  or  5%^  TXfA  io  a  ceutui^.    . 

(rTbejr9M»wi  pa.  bor  m^  is«ec%i9a4  ip  29"^  2V  7^2  ^;)  but  tljut 
JBiliMtiaw  Qjf  h^r,  wis  is  got  fci}PW> 
-     (The  diameter  of  Venus  is  7702  ipilfBS ;  cqnsequeotly  sht  is  i|e^^ 

f|ahdrge«stb(^DOi4b«2 
Horaiai^i^ipparod  wWi  tb«t  of  the  ^uu  conside]:ie4  af  no^,  » 

.  P^va  piiliai^  of  light  .aodlmi^ 

is  |*j)l  times  greater  than  on  our  planet.]  ^ 

Itis  swEiiQundad  Isy  an  m^^tm^r^p  the  refractive  powers  of^hjeh 
iHfiBrtifyMlleliPi^tbgiiaoCoiMrfttposphere. 
,  49 1«^a4  6oqi,lb».^«rllu  Y^Hiap  » the  most  bnpi^t  of  all  the 
idatcis  a  aaA  I8ay;8^nrrtiime4  b^  Hf^P  with  the  palled  f ye  at  Aooair 
^y.  Sht  is  iViOPDIMithr  IQVniqga^d  evening ^ar;  andnevjnrre* 
cedes  iar  from  the  sun.  CHer  elongation^  or  angular  dbtanc^^  varies^ 

HqraMtioomaetitaes  appears  Tetio0n4^.    I>^^c^aic,whick 
llw  dfsqriWftift  sack  cai^e^  is  aboqt  \&  \7f\jx^  (i^riuf99  f'P'?^^ 
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18  about  42  days.  Tbis  retrogmd^ tioo  comoMiices^  or  6mAth 
when  she  is  about  23**  48'  dbtaut  from  the  suo. 

Yetios  changes  her  pluses,  like  th^  niooo,  accotdin)^  to  her  posi- 
tion with  respect  to  the  sun  and  the  eaklh :  wbkb  causes-a  verj  coo* 
siderable  difference  in  ber  brilliancy. 

Her'  mean'  apparent  diaitieter  i»l7^^0rher  greatest  apparent 
diameter  is  about  5/',d.y 

[Venus  h  soMetimes  seen  to  j^ass  over  the  sun's  disk ;  which  can 
happen  only  Wh^n  Vhe  is  in  her  nodeft,  and  when  the  earth  ism  (his 
^imt  longltode.'  Consequently  ft  can  take  place  only  In  th^  liionflhs 
of  June  or  December.  Three  of  these  transits  have  been  already 
observed:  onein^  165^,  one  in  June  17(I1»  andoneinjone  17^ 
There  will  not  be  abother  till  the  8tk  of  Deeember  1074.]  ^ 

*  •      "  :   J.        i     .  '       .       .  ,  '       .     -       .  ♦ 

Tke  Earth.  .      , 

'  The  Earth  which  we  inliabit  is  also  one  of  the  pfcmett  that  re» 
volve  about  the  sun.  It  performs  its  «ide¥eal  reMlu^i^n  in  365^  &^ 
^  11^^,5  :(1)ut  the  tim^  employed  in  going  from  onetrbpic  to-  the 
other  is  only  565"  5^  48'  5l",6.  The  tropical  year  is  abOHt  II^S 
ftborter  than  it  was  at  the  time  of  Hipparehus.) 
'  Its  mean  distance  from  the  sun  is*  ^578  times  itsoWA'semi^dia* 
meter :  whence  it  is  above  93  niillieQs  of  miles  disfaftt  %Mm  that 
Inroinaryi  If  this  mean  distance  be  taken  equal  to  uMly^  ^e  ^li 
have  its  distance  at  the  perihelion  equal  to  *983!l;'  and  its  distaaea 
at  the  aphelion  equal  to  I'OlfiS.  ^      •  /     •  ;  .      ; 

The  eccentricity  of  its  orbit  is  *0l68:  halfithe  msjiir  axia being 
considered  as  unity.  (TheUHiJopaxis^  tbereforeiiiiMbelo4be4iiitior 
axis  of  the  orbir»  in  the  proportion  of  1  to  *d943g.  j 
c'  Its  mean  longitude/ at  the  commencement  of  the  {»W^  oeotury, 
was  3'  10**  9' 13^0,  '  .  .    •    ; 

'  Its  velocity  varies  in  different  parts  of  its  .okbit.  JjOce  aH  the 
other  planets,  it  is  most  rapid  in  its  perihelipnr  and  slowwt  mits 
aphelion.  In  the  former  point  it  desciites  aa  arc  o#  1^  I*  Sf\$  in 
l!be  course  of  a  day;  and  in  the  btter  point  it  <l«iM!rib«s  aa  are  of 
Only  57'  1 1^5  in  the  same  period.  The  naeail  v^ioftily  is  ^  Cf\7 
each  day.  ^  :    I     .        .. 

The  mean  longitude  of  its  perihelion  at  the  comitteiK^aieiit  of 
Ifce  preseiit  century  was  3*  9*  30^  5'^;o.  (But  the  Ime  of  the  apsides 
has  a  direct  sidereal  motion  of  \^  M)f'fi  in  a  oeutury;  whicfa^ 
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Imig  ittfeited  lo  ikm  tctip^  wMl  give  it  a  motion  (acec^tng  t6 
the  order  of  the  signs)  of  I'  l'^9  in  a  year,  or  l'*43'10'^8  in  a 
centnry./  A  complete  revolution  round  the  line  of  the  apsides  is 
called  the  aaoniaUstic  year;  and  is  performed  in  36i*'&  14' 2^^. 
Thf  perihelion  coincided  with  the  vernal  ecfitinox  about  the  year 
4089  before  the  Christian  aera.  It  coincided  With  the  summer 
solstice  about  the  year  1250  after  Christ;  and  vHIt  coincide  with 
the  autumnal  equinox  about  the  year  6483.  A  complete  tropical 
trvobtion  of  the  apsides  is 'performed  m  3093 1  years. 

The  axis  of  the  feartfa  is  inclined  to  the  plane  of  the  ecliptic  in  nk 
angle  of  23''  2f  5f\0\  wbich*anghe  is  observed  to* decrease  at  the 
hite  of  SOf'yX  in  a  century.  But  this  variation  of  the  angle  is  con- 
fined within  certain  limits;  and  cannot  exceed  2^  42^* 

Th^  aqotial  intersection  of  the  equator  with  tlie  ecliptic  is  not 
idwaya  in  the  same  point :  but  is  retrograde,  or  contrai^  to  the 
Aider  of  tbo  signs.  Consequently: the  equinoxial  points  appear  t^ 
move  foriMiNl  pa  the  eel^tic;  and  whence  this  phenomenon  is 
jcaUed  the  iprectision  of  the  equinoxes.  The  quantity  of  this 
annual  change  is  ^0^»  1  j  or  1^  2df  30^^  ui  a  century.  A  complete 
revolution  «  performed  m  2ff8W  years. 

The  sidereal  day,  or  the  time  employed  by  the  earth  in  revolv^ 
ing  on  te  axiS)  u  always  tiie  ^ame.  Its  diurnal  rotation  has  not 
viriad  the  hundredth  port  of  a  second,  since  the  time  of  Hippar^ 
xhttt*  Cli  the  nftean*  astronoi|iical>  or  civil,  day  be  taken  equal  to 
24  hours,  the  duvatioa  of  the  sidereal  day  will  be  23^  5&  4l\l) 

The*  MtroA^yqiailt  or  civil,  day  is  constantly  changii^..  This 
variation  arises  from  two  causes-;  I.  The  unequal  motion  of  the 
^arth  in  ks  orbit ;  2*  The  obliquity  of  that  orbit  to  the  plane  of  the 
eqoator.  [The  mean  and  apparent  solar  days  are  never  equal, 
except  when  the  sun's  daily  motion  in  right  ascension  is  Sgf  S^* 
This  b  the  case  about  April  l6th,  June  ]6th,  September  1st,  and 
December  2dth :  on  these  days  the  difference  vanishes,  or  nearly 
iO*  It  is  at  its  greatest  about  November  1st,  when  it  is  l6^  l6^^] 
'  The  astroomnical  year  is  divided  into  four  parts,  determined  by 
Ibe  two  equinoxes  and  the  two  solstices.  The  interval  between  the 
vieisal  imd  autumnal  equinoxes  is  (on  account  of  the  ecceutricijty  of 
ilM  earth's  orbit,  and  its  unequal  velocity  therein)  near  eight  days 
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Uta^  dmn  0it  interral  bBtwati  the  •^taWMd  Mi  ftmrf^^Miipwwfc 
flMse  ioCi^vtb  are,  at  pptseat,  aturfy  «»  foHwi: 


Ffpip  %  nmg  ctquinox  ta  tbe  sum-  ^      *    »^  « 

,  Ricri^latkp,,.^ i. 

f  ^0^1  t)ie  ayiw^  ^Istice  ^o  (he  au 


ffiwp,  %  »wn«  €^ijuuiox  tQ  tbe  sumO      *    ^  T^^     . 


om  qic  ai^i^y^  ^Istice  ^o  jhe  au-  ^     ^  ^^  ^^  1 " 
tinpq^Ieftu^,,, f  >   *  ^ 

fm  %  s|wfiMD||al 
winter  solsticf;. « .  ^ , 


JFjr.ow  %  sniti^niial  e4)uioo;(  to  ^«^,.g^|g47 
Sf W Ifj^.'Wintftt  ^qlstice  Jo  the  spring ^^  gg    i  4«  T*^ 

7  1^5) 

!  The  nutationr  of  the  earA*8  wds  is  ^gf^fi.  I 
'  light  take^f  8^  Id^^S  to' come  from  the  imr  to  Ae  etrtli.    But  in 
Ihfe  tetirvalllrc  earth  in»  moved  SC/^f  in  ito  oHMt.    This  — *^— ^ 


oif  the  earth  ))rodt]ces  an  optical  iHasion  in  llie  ligbt  ivhich 
from  the  stars  ^  and  vtbkh  Bradley  cidia  the  aliefvatien  of  KglK.)  ' 

Th<j  figure  of  the  earth  H  tM  of  an  oblate  apheraid;  ^  axk  of 
the  poled  betng.to  the  diameter  of  tbe  equator  as  S3 1  -to  833.  .  TIm 
mean  <liameter  of  the  earth  is  about  fgi^  mUk^i  iiseqaalorid 
diameter  is  7934  miles; 

As  a  necessary  consequence  Aefm  tiiia  niroamataoee^  the  d^;BiM 
of  latitude  increase  in  length  as  wo  loeodo  6on  thee^uaier  to  Ae 
poles.  But  different  meridians,  under  the  same  latkude,  i»eaettt 
diffi^rent  tesuhs^  The  general  fttet^  howevev»  is  weH  aseetrtained. 
"^The  densitj  of  ihe  earth  is  3«eS36  times  greater  than  tiutt  of  tbe 
tun,  and  is  to  that  of  water  aa  11  to  £. )  *      '. 

Its  mass,  compared  witit  that  of  the  sun  coosideMd  aa  tuuty,'  ia 

The  centrifugal  force  is  greater  at  tbe  equator  than  at  Ae  poles: 
in  consequence  of  which,  bodiea  lose  port  of  their  weight  by  being 
t^ken  towards  the  equator.  If  the  gravity  of  a  body  at  the  eqnator 
tie  represented  by  tniity,  its  gravity  at  the  poles  will  be  Itocreased  hj 
^€10569.  A'p(endulum,  tfaerefore>  whieb  vibrates  seeoiKb  in  the 
b^ber  latitudes,  must  be  shortened  at  the  equator  in  order  to  reii^ 
der  tbe  oscillations  isochronous,  [A  pemWum  89*197  inches  long 
mm  swing  setonds  at  the  poles ;  but,  in  order  that  it  may  swing  se- 
conds at  the  equator  it  must  be  reduced  to  39*0^7  inches.J 
The  centrifugal  force  at  the  equator  is  nearly  j-f^th  of  gravity. 
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fiM  ^if^ljm  /»f  Ibe  mtfii  wm  1 7  ^iuto  sno»  nyid,  iii*  ceolii. 
Ifigajl  jToK^  vfB#ld  U  itq»al  H>  that  (Mf  gw^';  «iid  Indies,  al  th« 
ff^fifi^  tvoi:d4  opt  to«f  fiiiy  wci|^» 

,  A mfi  find.ii^^  Aiiid au«roiiiids  the  eaftb^  uvUcii  k  csiledlM 
Jlte^pWw  fiieidier  febe  fteaip^ratuce  nor.  Abe  (fensity  of  tkk  floAl 
ill  wyf^flAiS  tot  iiUwnUto  in  proportioii  to  ito  dktaBce  irotn  th« 
jV^^M^^-^  i^^W  iodiy^^A  affiectfid  ^7  oHier  decttiiitaiide^.    * 

jf  AW)4€!A9Sty  of  Ite  uteospheie  !H«ece  evseiy.  wlief e  the  mne^ 
j^  '^jt^aipWi^W^  a$  jeM>,  «U4L  the  Jicigbt  olftb«  iniioiBfteir  at 
39*92196  iocbes,  tbe  height  of  the  atmospheM  nould'  be  t609f 
feft;  Of  f'^inito.  i  .         .  >; 

179  #r/f  ^9ti^i  0^9,  m^  Ibe  s«iiia«pi0«  ai  act  ^xygeo  gas*  TMs  is 
jkmA-tA  te  MpiyOfs^Uy  tbe  «Hr,  ja  :«hideyer  seaaoo  or  wfaatewr 
j#llHi  llie  ^fiB^Hmei^J^  tried.  TUat  iNBOpefltioois  «lto>  looad  t^ 
iNiiri^  i^m  ^bmt  pa^itp.of  ihii^iumaaphani itkbt  bavcf  beek wicked 

^A  hody  .prititfiM  JbUDMlaiiy  l».tbe.4iale«ee  of  ^ribont  4*SS 
■Hlev  if  Ibore  >ffai»iio  aeabtMM  in  tlie  atoaqdiegt,  would  not  ikR 
4g9ip4a  Alie.  fttiAica  iof  the  aaii^,  but  Moaki  m vaftire  toatad  it  as  a 
.MlfiUUeft  tb»  oentiifiigal  l#i»l  bteuig  Iheat  eqaal  to  its  gniv4l]r. )  ^ 
•  I'Eher^liftf  light  dotwatrnqmin^jitnl^  liiie*tbMkgb<beat- 
■^Wppfcws  j>^t*re  iofleded  ^anrinmjly^wdfditiigedrtfc :  so  thA 
tbe  stars  ^[>f>ear  mofe  elevated  oa  tbeboHzbii  tb*»'tbejreaHy  are.- 
We  fpd»  iiln»  4he  niost  aceavata  itecta^iott^  tfaitt  the  ^t^^ 
Jvlricb  tha  ataitfsphaie  pradacg%  'ia  k^epMHleBi  tof  ki  ieiiiperattirt^ 
«ad  pijopMrtiaaaLlo  its  dcosky^  .lot»  as  Kia  daasiiy  varies  accoidl^ 
ipg  Ao  tba  leasfltratanr;  it  is  Jiecenavy  loatlciid  not  only  to  tbjt 
Jlila  of  tha  kanooiatfMr,  but  ako  of ithe  tbergio^ieltiv 

Tbe  homidity  of  tbe  aur  produces  veiy  little  effiectoaSis-reftactive 
pamci^ ; mdamy  tbtnfbiB beaafiriy  emitted* 

Tbetainpcnitare  of  i\gt  mhok  alBBOspliaaa.  baiag  soppoAsed  at 
aiio^  it»  deaai^f  Kin  diDnyibia  a^aoaietncal  pusgfessioD,  Moard^ 
iag4o#a  dittaoeateaatbauMftocof  tbeaaitb:  aodiva^dbt 
aipanapae,.tliat  tl»  height  of  tbt  basopieler  Mug  Qg^  iachJ, 
Aajrfiailiaa  attfia  homzoa  k'4S(  ^^\7.  It  woald  be  only  W 
W\\  if  iu  daasily  ^imiaislMd  ill  arilluBetiqM  pto«teisiaai  aad 
muU  ba  notfaiog  at  ttie  surfMO.  Vbe  horiaoalU  taftagtisb^  friiicii 
iMo|Mamabaatf^<C^^is^a«Muitetiie^tiK9eliiii^    • 
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156  JILBMBNTS^OF  ASTROKOMY; 

•  Wbeo  the  apfmrrat  lietgiit  of  a  star  upon  the  hoiAton  does  n<Hk 
excetd  dcvea  degrees,  its  sensible  refnieHoo  depends  oiily  on  the 
state  of  the  barometer  and  tbermometer  m  the  place  of  observa* 
lion;  and  ft  Is  nearly  proportional  to  the  tangent  of  the  apparent 
distance  of  the  star  from  the  zenith,  diminished  6y  dj^  tines  the  eor^ 
responding  refiraction  at  this  distance^  the  thermometer  behig  conaiL 
dered  as  at  the  freezing  pohit  and  the  barometer  as  at  29*9$  inches. 
From  these  principles  have  been  formed  the  Tabie«  of  Refraction, 
correspondhig  to  the  seteral  variations  m  the  scale  of  the  thermo* 
meter  add.baiometei:* . 

The  action  of  the  sun  and  moon  has  a  considerable  eftct  on  the 
water  of  the  ocestn^  and  produces  the  phsenomena  of  the  tides. 
,  The  sea  rises  and  hUs  twice  in  each  mterval  of  time  comprised 
between  the  consecutive  returns  of  the  moon,  to  the  same  meridian. 
!Che  mean  interval  of  these  returns  is  1*^  0"^  SS^^jS ;  consequctofly 
the  mean  interval  between,  two  foHowmg  periods  of  high  water 
18  12^  25'  lO.  So  that  the  retardation  m  the  time  of  high  water, 
from  one  day  to  another,  is  50^  2$^  in  iU' wean  sUte*  and  it  is  af- 
fected by  all  those  cfmscs  whleb  infla^ice  the  moon's  motion* 
.,  This  retardation  varies  with  tbe  phases  of  ^e  moon.  It  is  at  ita 
miniinimi  towiMrds  the^syaigtei  when  the  tides  are  at  their  maximnm, 
,and  it  is  then  onl}^  d;S^57^L  But,  when  the  tides  are  at  their  mi- 
jpiraum,  or  tQvmds  the  <]ua«batai)es,  it  is  then  the  greatest  po^ 
sible;  an^aniounteto  I'' i4^56'',& 

The  variatioa  in  the  distances  of  the  son  and  moon  from  tiie  earth 
(and  partiqpiarly  itha -moofi)  has  an  influence  also  on  this  retanl«> 
tion.  Ea/^h  minute  in  the  iocatase  or  diminutioii  of  the  apparent 
diamf^.  pf.the  BMon  augaMrts or diminishea  this  retardations' 
42^9  towards  the  .ayzigies;  buttowards  the  quadratures  the  tfkxi, 
is  three  times  Iqv.  . 

The  daily  retardation  of  the  tides  varios  likewise  witli  the  declp- 
imliOAof  the  sua  and  moon.  In  the  ^zigies,  at  the  time  of  the 
jplstiecs,  it  is  about  2'  13'^9  gceator  .thm  in  its  mean  state ;  and  it 
is  dimuiisbcd.in  the  sameproportbn,  at  the  time  of  the  equinoxes. 
On  tte  contrary^  in  the  quadratoes,  at  the  time  of  the  equmozet, 
it  exceed!  ;it$  mean  aUtc  by  7'49^>2;  and  is  in  a  simihur  manner 
diqiinjfhH  by  IhisL  quantity,  at  the  tinle  of  the  tc^stices. 
,:  Tbe^'hi^igbt  of  the  tides  b  also  considerably  influenced  by  all  those 
causes  whiish  have  been  just  ttentioned ;  apd  depends  on  the  phases 
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EXEMENTS  OP'AsrRONOMri  tSf 

wui  potid^  6(  tlie  moott  in  hcrofUt.  It-is^  greatest  when  the  moon 
u  in  the  sy^igiel ;  and  b  diminished  in  the  quadratic  Hie  div 
tance  likewise  of  the  sun  nd  mooit  firom  the  earthy  as  weU  as  their 
declination^  has  a  material  cftct  upon  tiie  height  of  the  tideik 

Bntthe  stilte  of  the  tiden  is  so  modified  by  the  nature  and  poriUoa 
of  the  coasts,  the  depth  of  the  channel,  the  operation  of  the  wmds^ 
9ud  by  other' causes/  that  the  abovi  laws  win  not  always  be  found 
to  correspond  with  the  actual  state  of  the  tides,  particularly  neat  the 
coast,  or  in  rivers;  It  will  however  be  found,  from  the  mean  of  a 
number  of  observations,  that  the  inequalities  in  the  heists  and  in 
the  intervals  of  the  tides  have  various  periods.  Somie  are  of  half  a 
day  and  a  day ;  others  are  of  half  a  month  and  a  month ;  whilst 
others  again  are  of  half  a  year  and  a  year:  and  some  are  the  same 
as  the  thnes  of  the  Kvokitkms  of  the  lunar  nodes  and  apsides. 

The  action  of  the  moon  upon  the  waters  of  the  ocean  is  triple' 
that  of  the  sun. 

Mars. 

Mars  is  easily  known  in  the  heavens  by  his  red  and  fiery  appear^ 
ance.  He  performs  his  sidereal  revolution  in  686'  f  3*"  30^  9g^\0  or 
in  1*881  Julian  years :  and  his  mean  synodical  revolution  in  about 
780  days,  or  in  about  1I*1SS  years* 

His  mean  distance  from  the  sun  is  1*524 ;  tliat  of  the  earth  being 
considered  as  unity.  Thb  makes  his  mean  distance  above  142  mil* 
lions  of  miles.  .     •       •     - 

The  eccentridty  of  fab  orlHt  b  "093 :  half  the  major  axb  being 
consideted  as  unity. 

Hb  mean  longitode,  at  the  commoicement  of  the  present  century, 
wasm2'4*;'2"A 

Thie  longitude  of  hb  perihelbn  vras,  at  the  same  time,  m  11'  $• 
W  23^,g:  but  the  line  of  the  apsides  has  an  apparent  motion,  ae-* 
cording  to  the  order  of  the  signs,  of  1'  5^^9  in  a  year,  or  l'^4g^ 
82^^,4  in  a  century. 

His  orbit  b  incUned  to  ^e  plane  of  the  ecliptic  in  an  «igie  of 
!•  51'  3^5 :  which  angle  decreases  about  l'',4  hi  a  century. 

Hb  orbit  at  the  commencemeut  of  the  present  century  crossed 
the  ecliptic  m  1'  IS*  1'  28^'»0 :  bat  the  place  of  the  nodes  has  an  ap« 
parent  motion  in  longitude,  accordmg  to  the  order  of  the  signs,  of 
S6",8  in  a  year,  or  44^41^5  in  a  century. 
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wA  ik  iBdinMl  to  the  eclqplio  inf  an  ingkl  of  ^  41'  4gPj^  » 
/  [Hit  ntaR  <iiaiiiBter  ii  eqntl  lo  4^  hhIm'.  €toiite(f«feallj)  he  i^ 
ntberBMMIhtnhtlf  Msteefwireifftb.]  ) 
.  HfenHMiifeeaiptfeAwiltttkitortiietiriiceiiii^ 

•  [ne  proportion  efKgbt  Mid  betfyie<jemd:  by  biii»fi«4(itlM'a^ 
it  *4a:  thnt  i^ecehed  hj  the ^rtfa  bekg  conmltfred  at  nnkj^) 

Hehatafchy  deiiibebntniodtnteatliriMpliidra  and  be  it  not  ac« 
tditipwnrl  by  anjr  tateHite^ 

•  As  ikwtd  ftomtfae  toth»  the  iiotioir  of  Mite  aft^ftart  aeietiimfci 
fetrognkb*  The  BMan arc  whieb  be  describes nl. tbiseifte  kl&.l9f^ 
and  its  itean  dufttidn  »  aboQt  7$  days»  This  Mgog/miktioo  eoiki* 
ineooe^  or  fiiiifaet^  wben  tfaci  pliMl  is  Mt  iteie  thin  laS*"  49^  fh>B 
iMetoa. 

Mars  cbanget  bisphases somewhat  m  4he  same  manner  as  fhe  mooir 
does  from  her  first  to  her  third  quarter,  accordhig  to  his  rarious  po- 
sitions with  respect  to  the  earth  ami  the  sun :  but,  he  never  becomes 
etnicnlari  aa  thenlomt  <oeff  when  neat  beg  togy^adjetia^  Hit  iMan 
appa/tal ^Kanlele^ it 9^^7:  which augaMal^k|M>portiotiasthb pla^ 
appMicbet  te  oppositiOb,  when  it  is  HfiA  to  Sgf^J^, 

Uk  paraUax  is  nearly  double  that  of  thetunw 

Jtgfiter* 

Jupiter  isy  next  to  Venus»  the  most  brilliant  of  aU  fhe  plaiiefss 
wboiA  he  somtftiflBes  hoWef er  soqMitfs^  b  bi%&lne«8.  He  perA^^tas 
liis  sidereal  revolution  m  4333^  14**  IS'  4i'',0;  or  m  H*S0»JttUaiv 
yearti  Bat  this  pdri»d  it  td^ectr  to  tom4  itfeqiiiiitfaaii  Ueperfotas 
his  mean  synodical  revolution  in  about  399  days. 

His  niean distance  frdmthe^tmr  is  d*3es;  Ohtof  theenrth  b^ 
coBsidetttdasnaily.  This  taAiea  his  atealrdMiuK^abdve  485  i^ilQ 
Ifons'ofnuies.    • 

The  eccentricity  of  his  orbit  is  •0482 ;  half  the  »lgof  axis  b^ 
eonsMkied  as  tmily. 

His  maaii  kiogitttde  at' the  dwnmeBcciitnt  of  tUe  present  ee^liry 
tvasift8'M*^8«';h 

The  lodgitlide  of  bis  per%eU<Mi  wtfs,  at  the  safM  thnci  ih  €M1^^ 
M^^l  :{b«t1fae  Use  of  thtf  ap«de4  hasan  afipatoH  m6tieai,.aGcordifl9 
to  the  order  of  the  signs^  0/ SG'',;  ia  a  yesar,  Of  I^34^33'^»am  a  cemuty.  j 


Digitized 


by  Google 


ItiM>ilBt  ivJf«MM  to  A^plMesf  tbe  M%^ 
5Vf5 :  which  is  observed  tp  decrease  nearly  9Sf*jS  ^i^^Mmy^   ••' 

Hb  otb^iit  the  coriMenoemeBt  of  Ike  pttiBeot  eeiiiaftfv  cuo^sed 
tbeediptio  iBd'8*  ^  d^i'^^.    But  the  plaee  of  thcf  mMh  htU di 
iipptBeai  isc^tiptt  10  loBgii«dt»»  slecMd^  to  ^ 
34''^  in  a  year,  ojc  5?'  12'',4  in  a  century.  -     * 

^  Therotatioki  oil  Ifii  axis  is  peifcrted  in  ^  U5'4S^^7 1  wMWiixis 
fontaSBbflngle  df  86*54^  dO^'yO  ^i^^  tte  plane  of  the  e^blrtib.^ 
{[His  mean  diameter  is  equal  to  91522  miles:]  ccwseqnenliy  ht  k 
Ubootllfthnes  as  kn^BioAr  earth.]  The  «xis  bf  hil  ||bolcB  ib  to 
Im  BitoBtBiMil  diameter  a 'Sitsr  to  I,  o*  as  Id  fo  I4i 
(ifis'Bkasl^  cothfared!  with  that  of  the  dun  eOdsUfotuMl  «s  B«hy»  h 
TTj^.Try:  but  hb  density  is -SOBSOU) 

[The  prot>oftloli  of  fight  akid  loMt,  ieoehftd  Af6«f  tile  iiM^  is  -0^7 : 
that  lecrfred  by  the  earth^  being  4:0B^derid  atBiiity.] 
'    He  is  stirnoBBded  by  faiot  substttnees  ddled  ioiies^  or  bdts; 
wbkfa  aie  s«4)pobed  to  be  parts  of  bis  atttiosfiheiB«    Aifd'  be  b  4t« 
compaaied  1^  four  satellites* 

(A  hedji  wbkh  waiihim^  p»««d  at  tb«  ^qaMmM  sifrtae  of  the 
earth,  would«  if  removed  to  the  sbAmA  of  JapiM,  wtlfb  9^S^i 
poBfldsi 

As  seen  firotn  the  eartli*  the  awtioB  of  Japtterapp^aft  sOfBetiMt 
to  be  ieth>grade»  The  mean  art  wbwh  he  describes  hi'Uns  ease 
jdldbeiit9^5V:  anditknieavdutitkMiiiaboatlSidBy^  Tkfen^ 
trogradation  commences,  or  finishes,  when  the  planet  k  not  MOf^ 
JiMnt  tUm  1 15*  If  from  Ae  SUB. 

(lib  mean  appareiH  ei|0BtmM  diaaietet  k  t8^»f>  it  k  pmm 
whte  Mj^ofUbsMtoyat^wfakii  tiineit  k  ^oal  to  4^9*) 

Satmm. 

Saturn  pecfenrir  hb  sUeraal  iBvohilkm  m  lOfft^  2^^'KP  ^'0; 
olr  i»99*456  JalMB  yeaik  But  tbb  penod  k  sidgeM  to  s^Bif^  ine- 
qoalitiea.  Hi*  bmui  ^noditel  iHfolBtiop  b  peribtteed  in  fkwn 
37§  daytf.  > 

Hbmeandbtaac«firomthesDnM9«f3^;  that  df thir  «Mi  IMk| 
coosiderM  as  BBity«  Tbb  makes  Us  mean  AtincoiAoviii^ 
■  BliHioosofimleai 

OSife^  ecccntrieity  of  Ifo  dibit  b<Mf<2;  farif  tMi  airi(fM  ixik  bciB|r 
ti^en  as  unity. 
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(I6P  JILBM ENTS  OV  ASTHONOBCT* 

\  iHsncioloitfitade^  attheco«nidiceiiientoftiie|iraeiitc^^ 
wasiQ4'15*aO'3r,5. 

<  The  longitude  of  his  perihelioa  wnm,  at  the  same  tin^e,  in  2'  ^ 
%'  57'\9 :  (bat  tlie  line  of  the  apiidea  has  an  apparent  motion  ill 
longitttde»  according  to  the  order  fd  the  signs,  of  1^  S^^^,  m  a  ^^ear, 
or  I*  $5'  4T'A  in  a  century*^ 
/fits  orbit  is  inclined  to  the  plant  of  the  ecliptic  in  ati  angle  of 
2*  29^.38^,1:  which  is  obserred  to  decrease  about  15^^,5  in  a 
century  4 

His  orbit,  at  the  commencement  of  the  (nresent  century,  crosse<l 
the  ecliptic  in  m  d'  31^  35'  46'  ,5 :  but  the  phuae  of  the  nodes  has  an 
■apparent  m6tion  in  longitude,  according  to  the  order  of  the  signs, 
of  TJ'\4  in  a  year,  or  45'  43">5  in  a  century. 
{"  The  rotatiou  on  hk'axift  isi^rformed  in  10^  l&  \9'\% :  [and  the 
axis  is  inclined  in  an  angle  of  58^  4i'  to  the  plane  of  the  ediptic.]) 
^[His  mean  diameter  is  76068  miles:) consequently  he  is  nearly 
10  times  as  larg^  as  our  earth.]  The  a^is  of  his  poles  is  to  his 
e^atorial  diameter  as  11  to  12. 

^iiis  mass,  colopared  with  tlM  of  the  sun  considered  as  unity,  is 
Ts^'W  [b*^  bis  density  is  •08.]  )  » 

[The  proportion  of  light  and  heat  received  from  the  sun  is  •OOH ; 
that  received  by  the  earth  being  considiered  as  unity  J 

Saturn  b  sometimes  marked  by  zones  or  belts;  which  are  pn^ 
.bably  phscurations  in  his  atmosphere.  And  he  is  accompanied  by 
seven  satellites. 

The  most  singular  pbenomenoa^  hoireT«r,  attending  this  phine^ 
is  the  double  ring  with  which  he  is  surrounded. 

This  ring,  .which  is  very  thtn  and  bioad,;  is .  im^ned  to  the  phme 
of  the  ecliptic  in  an  angle  of  3 1^  X^  ITf^fi;  and  revolves  from  west 
,  to  east,  in  a  period  of  10^  99^  1^,6,  about  an  axis  perpendicular  to 
its  phmt  and  passing  through  the  ceiktn  of  the  fdanet.] 

The  breadth  of  the  ring  is  nearly  equal  to  its  distance  from  the 
sidabe  of  Saturn :  that  is,  about  -J-  of  the  diameter  of  the  planet. 

'  The  surface  of  the  ring  is  separated  in  the  middle  by  a  black  con- 
cii^ic  band,'v^hich  divides  it  into  two  dbtinct  rings. 

The  edge,  of  this  ring,  being  very  thin,  sometimes  disappears: 
and,  as  this  edge  will  present  itself  to  the  sun  twice  m  each  revola- 
ti0n  of  the  j^et,  is  is  obvious  that  the  disappearance  of  the  nog 
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f  £]iEM«M.l^  91  AfTfiONOMt* :  1$%  i 

ymttHwwt^bcnii  onoft  ia  15  yef rs ;  but  ttiKk^,  .cireumitaBCf s  9f^«f* 
tjii|€9i  ]««iy  difiercnt.  ..      .     r 

[The  intersection  of  the  ring  and  the  ecliptic  is  k  5'  20^  ili4  j 
IX*  20^ ;  consequently,  ivbep  Satiuru  is  in  either  of  those  «j^go8»  l^t 
rk^  will  be  invisible  to  lis. .  On  the  contrary^  when  he  b  in  2';S0^  < 
or  8'  20®,  we  may  see  it  to  most  advantage^    l^his  was  the  case  to*  ^ 
wards  the  end  of  the  year  1811.    Regard,  however,  must  be  had 
to  the  position  of  the  earth.] 

^As  viewed  from  the  earth,  the  moti^a  of  Saturn  sometimes  ap- 
pears ratrograde.    The  mean  arc  which  he  describes  in  thb  case  i^ . 
about  &^  IS' i, and  its  duration  is  nearly  lig  days.    This  retrogra*. 
ifetion  copm^pces,  or  finishes,  when  the  planet  is  distaitf  about 
1(08'' 54' from  the  sun« 
^His  mean  apparent  diameter  b  \7'^fij 

**Urantis  was  'dbcbvered  by  Dr.  Herschd,  March  13,  17^1,  wtio 
^ve  it  the  naine  of  ihr  Geof^m  Subts^    It  peribrms  its  sidereal  re^ ' 
vobtion  in  30688'  17^  6'  \6',2 ;  or  in abont  84  J6lito years-,  imd  It' 
is  probably  ritikated*  at  the  confines  of  the  planetary  systeittj 

Its  dbtance  from  the  sun  b  upwards  of  l^OO  miUiona^  bf^aiiles:' 
abdksappiMrciitdiamefer'bsdu:eeljl3«,9.  :   osv  r  H 

^'^Hs  rnass^  compaml  i^itfa  that  bf  the  sttu'ton«id(^yediM  IM^I  V 

h  «     ^*       .  .  ■  /'.;:•.•>    ).:r  f:    :.   ?  ■     ••  •  .         •    »  .  |f.  lA 

'  %k  satdlites  a(btom})any^plaitt^,  ^wblc&^ove  in  orbtts  wiuAf 
perpendicular  to  the  )>lane  of  the  ecliptic  .t  ^  .  .     'Li 

The  elementiB  oiTthe  foW  refnidiim^  telescdt^c  pliinihy  art  notjti 
ascertained  with  snfflcieut  precision.  '  '*  -    '      \ 

'   '$atttUtes.' 

Tb^  Mmber  of  latoUites  in  onr  syslen^  at  preseot  knoi^iv  ^ 
eigblc)^ ::  iuuiM}ly#  th«  M«oQ  which  reviolves  round  the  tarth;  ^it 
thal:bel<mg  tf^  J^pit«r,:  m^m  In  Satnn^  and  six  to  Uramu.  Tho 
mom  b  the  oi^ly  on^  yisibl^  to  the  naked  eye. 

They  all  move  round  their  prinaiEy.plaiet^  as  their ^eotre^  by  tht 
lame  lawLasttmiw  primaigr  ones  move  round  the  sno : .  omaly^ 

.  i«  The  orbit. of  each  ^telUte  ban  cUipse».af  whadi  Ihn.primafy 
planet. o^enpbaiMM^  the  fiid    .  / 
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vector  of  the  satellite^  are  proportional  to  the  Iftlies  edtfVlojfted'ill  ■ 

^itli  1%«  «iuflr<>§  Off  Ihe  tiniH  ^  the<r«tdutidii§  QftlM  satellited^' 
roikhd^Heir  ti«k[^tita  pffaiHit^  platnts,  -MPe  to  «tieh,  dtber  ael  Ifae 
coMlc^tBintilseaii  dUtaae^s  frotti  the  ptUkiry:  '  '  - 

I  ; : ; :  .  v.  ,-:     .;  .!  j     •.,:    .li- :  V   •  •-     .1  -.  »  .     "   .. 

Moon.    I-''     ..■>•'. 

"^ie  nicrtioiir  offtlie  ni66n  ar^  ei^^^&hl^  feccenttic  tiiM  }fr^«liftr« 
Siic  pef fbritis  her  ifteaii  MereA  rfevbloticin  m  ^f^  7^*43^  ?^"»^'  *** 
tItSS  ^ntdh  ^rWble  t  and  a  coibpaHson  df  flie  mbdeW  ol^rva^ 
iHihrtridrthe'al^ikft  proves  hicoAtesitobiy'  ati  accelertitfoii'  ili  hci^' 
mean  motion*  Her  mean  tropical  revolution  fe"i7''y*  M^4f^f7^,  a^l^ 
her  mean  sjnodical  revolution  is  Cg*'  W  44^'i",8.       •    ' "  *  * 

'  Her  mean  distance  from  tlie  earth  is  29*9821^5  times  the  diame* 
ter  of  the  terrestrial  equator ;  )iidih&^  d^Mthousand  miles.  > 

lTO?».%.'?wt^  beiflg  t^fp  eauaVMui?ftx.o^HVJbi».fi«fleirtP«^^ 
^Wl^*.WbreyoV*ti9Pftr..;.,    1    .>    .    ;t   c.i  ..»..::.  .^ 
Her  m{^lp;ig^iide^j^^tl|6f:^p^j^c^^<^;t|^,p;;^f^^^ 

Her  velocity  varies  in  di^^r^n^j^rtiipf:h|e^j)rbit«    S^eif^siyifi^^ 

her  apogee  (or  point  furthest  from  the  earth).    ller  mean  diurnal 

that  of  the  sun.  /::.,.:-)'*  vi'r  't..  i.-:  •  •.  •.  -i ,  /;      .:  :}•    . 

The  mean  longitude  of  her  peQ^^ij>p^)^'ft9ftat  U^jirpipi|i^{|^^ 
of  the  present  century,  in  8'  26^  0"  5",i ;  but  the  line  oif  the  apsides 
has  a  motion,  according  to  the  pfder^^f  the  signs.  The  period  of  a 
sidereal  revolution  of  the  apsides "»  32^2**  IS**  S6^  16",8,  or  nearly  9 
fkdAi  l(i4>^p«ft1«l'^#i«#^piclt'Te<n>lftdd^*^f  ttie-apaMM  l^lkut 
n9V\1^94f^^.  Btit'Uim  piri4fdB<^  fi6i  udWiMii;  ibrltey 
lMlf(e  a  -Mctttitf  if#efftiaMty,  jnd  tfie^ietttfdid.  whihM!  tl^ny^aia^ft 
the  moon  itself  is  accetrtatMi^  CPh^  f^fibd  (Of  Vtt'atitftiuiiiftto  MVOtf 
lifikiiiiol'thi^iiM«i^iS'-27'^>isK[l9ri«^^     '. ;  lu:..;  -^  -o  • :. .  ,  t-;  i 

Har.knMiis  iltieMd  tiitite^plibrv^  ^tteUfMie'ib  wtfigle^f 
d(?9^^ii|iit-1tt» 'i«c)tealtei|!b  iva«feble<  ^>«lMl^i^^ 
virhtcb  sometimes  extends  to  8'  4f^,lii»ifkpmim^tii^Aitt*cMhk 
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Ifeir  orbity  ttt  the  ti^ntmeoeement  of  the  (iresent  century*  cromeA 
the  ecliptic  in  O*  15^  ^5'  2ff^fi ;  but  the  place  of  ber  nodes  k  va^ 
fMrt%b  Tlldy  hive  a  Mirograde  motioOr  and  make  II  sidereal  leevjolu* 
fidti  ta  6793^10^  (f  SO^'^O;  or  in  aboat  18^  Inlian  years.  This  vat 
IriatioD,  howeveT>  k  saftject  to  many  inequalitKB ;  «f  wlncb  Ibt 
gr«riU«9it  te  propoftioiiiA  to  the  oe  -of  doabto  the  distance  of  llm 
aKdobfMMl  ilMwa;  aad extendi  «to  T 37^ 45^^fQ  ^t iis*maxiimmi 
Aayoodisal  ravo^atioa  of  the.  nodes  i»  performed  in  346^14*^.213? 
48^^#  Tbo'na^eitiOA  of:tbelK>de>is:iiiHjeGtaUo  toa  seeuVvio^ 
qoality»  dependent  on  the  peeelenitioii  lof  the  qMion*8  iieaa  motite 
The  rbtatiOtt  of  the  moon  on  ket  axis  is  equal  and  uniforhi;  Knd 
it  IS  pe#fWnled  in  the  jatnoitinle  as  the  tn^^dd  levohidbn  irifaKt 
oAitr#hiOea  sboalw^pi-esents  nearly:  tbesameil^eio  the  cartk 
.  Bat,  as  the  motion  of  the  moon  in  her  orbits  is  peak^dioiSy  variabh^ 
%«Mdi6tiiiM'sc!)i  iMi^4fliei^ealteilic^  of 

ber  western  edge.    This  appearance  is  called  the.li^tion  of  the 

tnoon  krloiigitude. '      ■  • '   -   '     'i^^o  .  :%,:: ■  'i^ 

'■■  The  axi»of4^iiAbotttthMVBed>toiaieplsine.of  the.  ecfipl^ 
Mimgie  4sf  ^.29^  4gff.    in  elmdet|uelice  of  4his  positioninf  .thh 
]iioon#  ber  poles  alternately  become  visible  to«  and  obacyred  ftom 
us :  and  this-f^edbid^iyahltfe^ifidkid  hb^.lifapilko  in.l^^^         .  i . 
^    Thei^ltalso^nothor  dpiiM  decei^iM  ariangilromf  the  kibon 
^Mug  fiiito<ft%m  tbe  foWlioeiof  ^  fHaik  mktetid  of  the  eentse.  Tbb 
appearance  is  called  her  diurnal  libratjon.  ..      .  .  ..j 

*     Tb^i(6^^K)%6tbk^h)dhpmlitie«.ii^'theme«M  i^risiDgirom 

the  ndiM) Md  htfluei^  of^tho sbn.  > The ^opa^ of  thetean,  ^  r 

-     1.  '^Th^'  tfiMion  ;^<4faose  d^Hstaat  eibctisio  diminish  the  eqii»- 

-tibn-of'thft^^titP  ki>thi  «)^ii^,  itad  to  nugnient  it  in  the  ipiaddi. 

'tiMili    If'  fhli  ^Hminattottrand  io^niim  #ere  aiways  the  saiht^  the 

'^^f^fioA  WobM  d4lp^tMl>«ttly  6n  ihe  aiigulifr  distance  of  Ibe  moiti 

IkMfr  the'Mikil  b«t  itft'4ifasolitt»  VUloe  varies  a|M  ^ith  4lie  distaoee 

'  df  ««  iMA  liNHh  Ihi^iii«tigee4>f  iu  orbit^^:  Aft^r  a  long  ssH^s  of 

observations,  we  are  enabled  to  represent  this  inequality  hysop- 

]A)MA^1f  ^liai  td  likisbst  of  liable  ihe-disbkm  of  tbe  moo»  irom 

*  the  9^/mMM  the^KlMtt)t  tf  the  modtf  Mm.itd  petigee.    At  Its 

MSla3Miilhlrti4t*^teoiM(lst6  1».W^2''>4.    .  ^     .  :      //      :  .:  ,    <: 

S*  The  vaiiatioo;  which  disai^pears  in  the  syzigies  and  quadrat 
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lilies,  and  Ugmatestia  tbeoctytntv.  .It  it  them  eqiwl  to  31'  44^1 : 
whence  it  b  proportional  to  the  sine  of  double  the  distance  of  the 
iBOon  from  the  stio.    It9  duratioaia  half  a.syoodical  i^«plut||Oo  of 
the  moon.  i.        .  ; 

-  3*  The  annual  equation;  whicb  follows  exactly  the  tame  law  at 
tiKi  equation  of  the  centrrof  thaean,  with  a  a^ntiaty  sigp.  .• .  For>  when 
th^  earth  is  in  its  pertbclioo,  the  onbit  of  tiM  aloon  js  enbr^  by 
the  action  of  the  ton;  and  the  mooAthenefore  Jiequife^  moae  tinie 
to  perform  her  retvolutioi).  But«  'ts  theicarth  prpoeeda  towards  ita 
iaphelion,  the  moon's  orbit  coattacis.  ilfeoce  the  peiiod  of  this  ine- 
quality is  au  anomalislie  year;  aod»  at  4tfe  maximiun,  it  aaitounts  to 
IV  15"^    It  is  sul^ectto  a  aecular  iacquaiity*       

'   The  figure  of  the  mooii.  is  .that  .of  an  oUate  spheroid  like  the 
earth*    Her  ratau  di^peter  Is  In  the  proportion  t»  that  of  the  earth, 
as  5823  to  21332 1  or  a^  1  to.3?665.    Whence. her  in«in  4ia^eter 
ariU  be  about  2160  mil^.       .  ,    ,    . 
.    Her  volume,  co]bpai:edi  with  that*  «f  the  eartbi  is  ^ ;  but  bar 

aiiassisonlyx)<-t«*''  I'.:'-'j-i'j  .t ■;:»    ':/*'  i-  .     • 

The  apparent  diameter  of  the  moon  varies  ac^rding,f(0«  h^  dif^ 
ianbe  ifrom  tbe.enthlr  When ;neitfeaC  t^  ns  il  ia33'.3lr''A;  W  at 
Ur  greatest  distance  it  is  ^9^  ^V'S*  Met.^xmU  9pp)ir6»|  dkmet^ 

HermeanhorizenlalfiiraHasisJequal  tOi^7'34»^^3.j  ;   .       .    , 
'    The  phases  4>f  the  moasi  are  caused  iby  4he  l«flectio|i  of  the.  9fm*s 
vlight  'r  and  depend  hn  the  itbutiirejpdsitions.of  the.  em,.. the  eaiUlp, 

and  the  moon  ,: 

An  eclipse  of  the  mtas  can  takei  place  oirfy  at  the  time;  of  be?  op* 

position  to  the  sun ;  and  is  caused  by  her  passiilg  through  the  sha- 
-jdqw  of  the  eartld.  Ttiat  sfaadow.is  3^  times  ioi)ger  tha«  the  distance 
•  between  the  moon  and  theeiirth ;  aiid.its  breadth,  wheie  it  is  tin- 
'  ver$ed  by  the  moon,  i^  about  2f  tiities;  greater  than  the  d^tmeter  ^f 
.  Ihe  mooD.  The  breadth  of  the  .^acth's  sbadani^*  wher^  it  is  tiravejp^d 
'  by  the  moon,  is  equal  to  the  diffensnce  hetwe^.  the<,semid^et^ 
,  of  the  sun,  and  the  sum  of  the  horicontalpaialUoe)  of  tlif  8M9  and 

-  moou.  .  .  i      ,  .  .    » 

{Tiie  moon  cannot  be  eclipsed^  sbow#ver,  if  hec  distant;  from  the 

^  pl^e  ofber  nod«,  atthe  time  of  b^  opposition^  exceeds  13^  2l'; 

but^  if  it  is  within  7^47''#  tbsnrji^  cfitainly  b^aniec%e«   Xbe 
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dw«tioii-oTtt]«^ltpise  will  (fepend  on  the  apparent  di^fmeter  of  Ihe* 
inoon^  and  on  the  breadth  of  the  shadov^  at  the  point  where  she; 
traverses  it.)     T    . 

Th6  sun  mmiot  be  eclipsed  unless  the  robon  he  in  conjunction  %i 
and  then  only  when  the  cent/es  of  the  sun  and  moon  are  in  the 
same  straight  line  with  the  eye  di  the  spectator  ou  the  earth,  la 
snch  case,  if  the  apparent  diamMer  of  the  moon  he  greats  than  that 
of  the  sun,  the  eclipse  will  be  total ;  but^  if  it  be  less^  it  wM  ber 
annular.  Partial  eclipses,  however,  may  arise;  as  in  the  case  of 
hmar  ecli|>se«  '  '' '  I  • 

{The  sun  cantoot'1»e  totally  obscured  for  a  tenger  period  of  thhe 
than  four  mmutes;  but  the  moon  may  be  hid  from  our  view' for  It 
much  longer  period.]  ^ 

[The  Dumber  of  eclipses  in  a  year  cannot  be  less  than  two^  |iot 
more  than  seven*].. ,  .  .„      .    .  \_    .1^ 

EcCpSes  generaliy^  retUm  In  Ihe  same  order  and  magnitude  atlhe 
end  of  223  lunations.  For,  in  223  mean  symkllcal  're volutions,  tfcfere 
are  6585*  7^  42f  3 1'',7 ;  and,  in  6585'*  18'*  4 1''  45^',6  there  arc  1 9  rtiean 
synodical  revolutions  of  the  moon's  nodes.  '  Therefore,  at  the  eiul  of 
6535^  7**  42^  3l^^7r  the  Qioon's  mean  longitude  will  be  only  28^32^ 
behjnd  the  piean  pla;Ce  of  her  nodes.  In  66S5  flays  there  are  l^ 
Julian  years  and  1 1  days,  if  tHere  are  four  leap  years  in  that  period ; 
but  if  there  are  five  leap  years^  they  forni  no  more  than  18  Julian 
jears  apd  10  days. 

The  atmosphere  of  the  moon,  if  it  has  aiiy,  must  be  extremely 
fitteflos^ed ;  and  must  be  more  rare  than  that  which  we  can  produce 
with  our  best  air-pumps* 

The  light  of  the  moo&  is  300000  times  more  weak  tjhan  that  of 
the  sun.  Its  rays,  collected  by  th^  aid  of  powerful  glasses,  do  not 
produce  any  sensible  effect  on  the  thermometer. 

The  refraction  of  the  rays  of  light,  at  the  surface  of  Our  earth, 
must  be  at  least  1000  times  greater  than  the  surface  of  the  moon.  . 

Volcanoes  and  mountains  are  discovered  on  her  surface,  by  the  aid 
of  the  telescope. 

A  body  projected  from  the  surface  of  the  moon>  with  a  moraeutum 
that  wonld  cause  it  to  proceed  at  the  rate  of  about  8200  feet  in  the 
first  second  of  tioie,  and  whose  direction  should  be  in  a  line  which 
at  that  moment  passed  throi^b  the  cei^re  of  the  ^arth  and  moo, 

'.■•MS-    ' 


Digitized 


by  Google 


i6a 


El«  HfiKtl^  61^11  STSaKOSlY; 


wtlil'iiof  fall  again  to  tlw  «ltriac^  9(  iht  tiHKni,  but  wMM  Ueovb 
Mitdltte  to  the  ^artk  lu  primitiY<i  imipqlse  I9fght»  indeed*  be  Mwh 
as  to  cause  it  even  to  precipitate  to  the  earth.  The  aloaies.  which 
bane  £iUen  from  the  air,  may  be  accounted  foriiAis  maimer 

i  Satellites  cf  J^iter. 

^  By  the  aid  of  the  telescope  we  inay  disco¥er  fbnr  «atelUte9re« 
▼olvllg  foudd  Jupiter.  The  9idereal  revolotioos  of  these  bodica  are 
given  in  the  following  tabk:  tcigether  with  their  mei|ii  distances 
from  Jupiter*  the  semi-diameter  of  that  planet's  equatpr  being  con« 
aMered  as  unity ;  and  Kkeiriie  theit  mattes,  compaf ed  with  Jup^er 
aonsidered  also  as  unity. 


Dittt^ce. 


i    (Satellite. 


I. 

IV. 


Sidereal  Revelation. 


3  13  13  42  fi 

7    3  42  33  ,4 

16  16  31  49  ^ 
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First  Saftelfite.  The  uiclinatiou  bf  the  oiblt  of  this  satellite  doe* 
ilot  differ  mucbflrom  the  plane  of- Jlipiter*s^rbit.^  lis  (^ecentricitl 
kinscnsible.  ■'  '■'■'■  ''•"^-  [^  '    ••''"  ^  ■     •    * 

Second  Satellite.  The  eccentricity  of  the  oi*it  of  tfiis  safcftite 
is  also  insensible.  The  inclination  of  itsorbit,  to  that  of  it^  primar^ 
is  variable,  as  well  as  the  position  of  its  nodes.     '':'-'.'      T 

Third  SateHtte.  This  satclUte'has*llt«e  ecctnttfeky,  andtlfie 
fine  of  its  apsides  has  a  direct  bnt  variable  niotion ;  the  mdntricif^ 
Itself  is  ailso  subject  to  very  sensilile  variations,  'i^he  inclination  of 
hsolbit  to  that  of  Jupiter,  and  the  position  bf  its  nodes;  are  fkt 
from  being;  uniform*  ;     .      - 

'  Fourth  Satellite,  The  eccentricity  of  tMs^^satellitc  is' ^ttekter^ 
^hanthat  of  any  of  the  other  three  r  and'  the  line  ^ofthiapside^  has 
Ian  annual  and  diiiect  motion  of  i^*58^,7»  The  inclination  of  its 
orbit,  with  the  plane  of  Jupiter^s  orbit^  forms  an  angTe  of  abdn't 
'2^  25^  48^^;  but  this  angle,  althougli  stationary  about  thk  middle  of 
the  last  century,  has  hitely  begiiii  i6  increase  Vei^  serisib/y.'  At  the 
-same  time  the  mbtioti  of  its  liodesbas  begun  to  diminish,' 
'  The  motioiis  of  the  first  tbree  satelliics  are  related  to  each  other 
by  amost  singuhur  analogy.    F&ri'  the  mean  sidereal  or  aynodical 
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of  the  first*  addidTtdHv^4ti)ilV^*the  third,  b  constantly 

iBdm  Mei^ or,9^i^^\loug^^  tbe ^sft^.n^inus  three  tin^t^ 
Ibat^tim  WfiAl.l^^t^P  th?^  of  thcjl^d,  i^  ^Iwagfs.equiato 
two  right  angles.  ..:..::   •  ^u;        .  :  r.,,- 

The  satellites  of  Jupiter  are  liable  to  (>e  eclipsed  by  passing 
through  log  fifaadow ;  and,  on-lfae  othe 

seen  to  p«0S  eivfer  his  diskrahd'cdipie  a  {  ; 

happena  to  lh|e  first  and  iccbpd  satellil 
third  vary  Kt^ely  efc^pes jn  e^ch  j^evoliij 
cottut  of  itil  gfeat  diatattce  find  inciuiati<» 

These  eclq[)se$  afe  of  gk«at  utility  in  e 
longitude  of  places,  by  tlieii!  obseArati 
bit  soma  curious  phamom^ia  With  respe 

From  the  shij^ular  ^n^logy,  s^boYe  alluded  to,  it  follows  that^(for 
a  great  number  of  years  at  feast)  tlie  first' Aii^ee  satetlites  cannot  bt 
eclipsed  at  the  same  tim^t  for  iii  the  simultaneous  eclipses  of  tBe 
seeoiid. .  ai^d  third,  the  first  will  always  be  In  conjunctbn  t\'ith 
Jopiter,  and  vice  versa. 

Satellites  of  Saturn. 

Seven  satellites  may  be  ifeu  by  in^apf  9f  the  telescope,  to  revolve 
about  Saturn ;  the  elements  of  wliich  are  but  little  known,  on  ac- 
count of  theur  great  distance.  The  following  Table  will  show  the 
duration  of  tti^ir^  sklereaf  revt^iutian),  '"and  tbeii:  inifiUi'dlsAnces  in 
semi-diaraeters  of  Saturn.    '•'••' 


Mean 

SatdUte. 

•  :  ..  .  Sidctca; 9^<4atiom  .,,?.  ,, 

f. 

&^tfi((i^,r- 

'  Of  15487f  • 

11. 

1  «'S8  a  ;7 

1  370a4*-' 

vl8-«5B 

m. 

:  1  21  18-86  ,>»v: 

l:W78ft;i, 

v!4r«9ft 

IV. 

.2.17,44^1  ,1, 

,,2.739*8^, 

,  6-26S 

V. 

4  12  25.11,1 

,.'4  51749  . 

8-754 

VI. 

15  22  41  13  ,9 

•  is  94M  • 

•26-^5 

vit. 

79    y  M  87"  ,4  . 

"79  82^*' ■• 

'69*1M 

•,.,,♦ 


The  Orbits  bif  Ihe^fah  i&k  safellil^  appi^r  Id  be  in  fbeplailo  of 
SlMM'silii^rwhiMlht  ifetei^  tety  seisiUy:   'r  ' 
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Six  satellites  Kfohre  tound  Unmos;  ifhich,  ^gMm  wJlbtkcvf 
primary,  can  be  docovered  only  by  the  telescope.  The  Mtowing 
liable  will  show  their  sidereal  revohitionsy  and  mean  distances  in 
semi-diameters  of  the  pAmary. 


• 

'Metii' 

SateWitt. 

Sidcical  RerelMifn. 

DiMaae*. 

I. 

S*$l»25'20",6 

5^8926 

13-120 

n. 

8  16  57  47  ,6 

8  7068 

17-022 

HI. 

10  23    3  69  .0 

10  9611 

19-845 

IV. 

13  10  56  29  ,8 

13  4559 

22-752 

V. 

38     1  48    0 .0 

38  0750 

45-607 

VI. 

107  16  39  56  ,2 

407  6944 

91008 

,  All  these  satellites  move  in  a  plane  which  is  nearly  perpendi- 
enlar  to  the  plane  of  the  planet's  orbit,  and  contrary  to  the  order 
of  the  signs  I 

[Phil.  Mag.] 


CHAP.  XVII.  • 

ON  THB  PISCOVERT  OF  THE  LAW  OF  VNIYBBSAI^ 
GRAVITATION. 


DescAIITES^  was  the  first  who  endeavoured  to  reduce  the  mo. 
tions  oir  the  heavily  bodies  to  some  mechai^ical  pijncble.  He 
imagined  TOTtices  of  subtle  maEtter^  in  the  centre .  nf  which  he  » 
placed  jthese  bodies.  The  Tortex  of  the  sun  forced'  tiie  planet, 
into  motion;  that  of  the  planet^  in  the  same  manner,  iJbrced  its 
satellite  to  revoWe  round  it.  Th^  motipu  of  <^mets  traTersing 
the^f^avens  in  all  direction^  destroyed  these  yor^'ces^  as  they 
had  before  destroyed  the  solid  crystalline  spheres  of  the  ancient 
.astronomers*  Thus,  Descartes/ w<(8  no  b^l^pier  jm  ^is.^ieirfiani* 
cal,  than  Ptolemy  91  his  astroqonucal  theory  Biit ;  tbejniaiMivcs 
have  not  been  iiselessi  4o  Kience.     Ptolemy  has  transmitted  to 
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m,  thhragh  fi^irlete  <^flj|uries  of  ignorance^the  few^aftfotiomical 
tmOf  vMdi  the  wdeiitsr  li«cl  ^faoovt rt«L    Descavf^s,  borti  at  a 
Jbter  pemd^  and  at  a  tiaie.when  an  bnlvefsal  eui'M^y  was  excited, 
iHlkb  bebiimetf  bad  meiei^td.  by  sahf^tuig;  m  tbe  place  of 
aaoieiit  ertort^  others  mofe  seducing,  indfettwi^on  the  auibority 
of  bis  geometrical  dis^vlstics,  watf  enabled  to  destroy  the  eaipti^ 
of  Aniitotte;i^d  ff^i^By,  wbifeh  OMght  Itave  stood  the  attack  of  a 
more  carefvl  philosopher;  but  by  esfablishifig  as  a  principle,  that 
we  $hould  begin  by  dodbting  of  evei^  thing,  he  himself  warned  ns 
to  etamiDe  hia  own  aystem  with  severity,  which  oould  not  long 
resirt  the  new  truths  that  were  opposed  to  it.  ^  It  Vtrai  if^served  fdr 
Newtoa  to  teach  us:the  general  prlnci^des  of  the  breavenly  motions. 
Natnie  not  only  endowed  him  with  a  profound  fenius,  but  placed 
hiiexisteDee  m  a  tnost  fortunate  period.    Descitrtes  had  changed 
tbe  face  of  the  matliematical  sciences,  by  the  application  of  algebra 
to  the  theory  of  curves  and  variable  functions.    The  getmie^h^y  4f 
iafinitesy  of  which  this  theory  contained  the  germ,  began- to  appear 
in  various  places.  -  WalKs,  Wren,  and  Hnygens,  had  developed  tbe 
kws  of  motiM;  the  discoveries  of  Galileo,  on  falling  bodies^  and 
of  Huygeos  on  evotntes  aind  centrifugal  force,  led  to  the  theory  ^ 
notion  in  carves;  Kepler  had  determined  those  descnhed  by  tbe 
pbnetSj  and  had  ferm^  a  rtmole  conception,  of  iipiversal  gravity- , 
tion;  and  fina^.  Hook  had  distinctly  p^oeivedthat  tbeir  motion 
was  the  result  of  a  projeetile  forces  combined  with' the  aittractive 
force  dl   the  sua.     The  science  of  celestial  mednmics  wanted 
Bollang  more  tobting  It  to  light,  but  tbe  genins  of  a  man,  who,  fa^ 
generaUaiiig  tiieie  discoveries,  should  be  capable  of  perceiving^^the 
hw  of  gravitation ;  it  is  this  which  Newton  accomplished  in  Ms 
inmiartal  woric  on  tlie  Mathematical  Principles  of  Natural  pliild- 
•ophy.    This  phitosopher,  so  deservedly  celebrated,  was  bom  at 
Woolstrop,  is  Undohishire,  towards  the  latter  end  of  the  year  l64$, 
the  year  in  which  Galileo  died.    His  first  success  in  his  early  stu- 
dies, amioftnced  bis  fnlUre  reputation ;  a  cursory  perusal  of  ele- 
.ncntary  books,  was  sufficient  to  make  him  comprehend  them;  he 
neat  read  the  Gkometry  of  Descartes,  the  Optics  of  Kepler,  and  the 
Afkhmetic  of  Infinites,  by  Wallis,  but  soon  aspiring  to  new  inven- 
tMM,  he  was^  before  tbe  age  of  twenty-seven,  in  po^ession  of  bis 
,  Biet|M>d  of  flttxions,  and  his  theory  of  light*    Anxious  ^or  repose^ 
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and  avevst  to  Uteitoy  coiilrofer^»;  Iw  ^tkiy^A-pMtMpig  hh  di»» 
€o?enet.  Hii  ifmd  zMfnotptik,  Drl'B^fmw-^^xMMfhmmlf 
fai hiB  fiuRNiri  and  obtakied.  fer  litni  tlie  dtutibil'of  pvoftuMir  df 
maAtmaticd  in  the  Mfamity  of  OnsbiMge;  iH  iMt'  d«fiii^  tfali 
pemdi  thtt,  ^Mding  to  tlie^equeil  of  li^Hey;  imd  'tlii&  loiioiltf- 

•tH)08  of  the  Royal :  Soeiety»  h>t  vpubll^d  bi»  iVIntflpttii '  *Tfi« 
universttf*.  of  wkich  Iw.wias  a  member;  cfaoBe  iiltn  fer  tb^  •i^^prt- 
aeiffative  in  th«  oonvetttiona)  psfrli^m^irt' of  1^^»  imd  fortbtft 

nrhieh  was  oonvonad  jn  1701.  Ho  wa«  Itoiglited  and  appolkiti^ 
difector  of  tbe  tanit-  by  Qooen  Anae^'  be  wa«  ele«t«d  pr^kh^f  ^f 

•the  Royal  Sodaty  in  17OS,  vbkfa  digni^  be  aijoyi^'tm  bb dcatll, 

.10  1727. .    During  tbe  wbole  &i  fat$  lift  be  obtiiined  tbe  mbst'dfetiii* 

(gobbed  eoosidei^ion,  and  the  nation  to  wtidae  glofy  beiMd'^^ 

.ttucb  oontribuled,  decreed  bim  at  hu  dealb  public  fotieivl tionoort. 
In  \666,  Newton  retired  into  tbe  coui^^  and,  f^f  tbe  fiHt 

.thne*  directed  bia  thongbts  to  tbe  system  of  the  work).  THe 
descent  of  heavy  bodies,  wMdl  appean  neariy  tbe  same  *iEit<flfe 
•nmmit  of  fiie  laghtst  mouMafais  as*  at  tbe'Surfiice  of  fbe  eartb, 

jfli^gested  to  bim  tb«  idea,  .tbat  gravitym^htditeMi  to  tii^  mobH, 

und  tittt  bein|r<)<>^bioed  with  some  molsoa'Of'pmjetikia,  ft  might 
cnuso  it  lo  deacribc.  iu  eliipde  otbit  aonnd  tbe*  earth.  To  Tierify 
Ibisconjectvre,  it. was  iieeeaM0y4o  know  Mieivkr lo#(be  ditflioQ^ 

i0f  gravity.:  Newton  oonsideircd,  thirt  if  the>hio<m  wal  retaia^ii 
its  Dii>it  by  tfa^  gravity  of  tbe  eartbv'Ibe'plasiats  sliooktnlso  ber^- 

.  taioed  in  tbeir  orbits  by  tbeit  grartty  towands  tbe  mta,  and  demo)l- 
.atrated  thiaJbjtbe  law^f  tbe  areaft  bcii^  ^r<lpovti<Mlal'tO'tb«  tinrti 

'  Now  it  restthsifirom  tfienlalion  of  die  sqaares  of  tfie  tbn^to'^ 

.  cubes  «f  tbie  gveatar  juds  oftlieir  ^vbiis,'  tbat  tliebr  centkifligal  force, 
and  cottse^pientiy  tbeir  tendency  totbe^nn,  dimmishes  inversely  As 

,the  squares  of  the  di8tau<^s  fiwm  >tbis  body.  -  Newton,  thcrefbrti, 
transferred  to  the  earth  ihb  law  of  Ui^  .dimimrtfaMt  of-  the  forc«  of 

.gravity,  and  reasoning  femi  the  ekpdritDentabf'Mlbig  bodies,  Ke 
determined  tbe  he^t  wfaich^  tbe  ii»m>d,  abatidoned  U>  itself;  wouM 
All  in  a  short  interval  of  tune.'  Tim  btigbtistbe versed ^e ^f 
tbe  arc  wbidl  it  desaribes  in  the  same  inteiSral;  and  Ibis  qnan% 
tbe  lunar  paraikx  gives  in  parts  of  tb^  radins  of  Ihe  eattb,  so  that, 

M  compare  the  law  of  ^vitatioti  witb  observaticm>  it  wait  necessary 
to  know  the  magnitude  of  this  radius;  but  Newton  baling,  at  tb4t 
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Ome,  »€iioB0i»<^«liBM^  ^thk  tktM^HwA  nkxMism/ obttinttd' ii 
difietait^iill  kwa  whit  li€i  ejifN^eted;  ahd  ^i9pecting  llmt  sptn^ 
unknown  fo^iees^  nnhed  tt^cMdvfeg  with. the  gratity  of  tbci  tnoon; 
dMadonedihif  diagtaaA  ktoeu    Some  ^ar»  i^erwir6%  iet  letter  ftom 
Dd^Hooh  iadnead  Imk  to  iovtstigttle  the  imtuve  of  the  cnrve  de^ 
•cribed  ]iy»pT^ctite« '  itnmd  .the  ^ntte  of  the  e»rtb.    Pteard  had 
kitdy.  fil^4^  the-  measure  of  a  degree  fn  France/  and  Newiod 
ibttuci^  by  Hut  HH^asjore,  that  the  moon  was  retamed  m  its  orbit  by 
the  force  of  §ravhy  aljone,  supposed  to  tary  inversdy  as  die  square 
of  the  dktanfce*     %  this  law  he  fonnd  that  bodies  in  their  fall 
(iesetibii  eUipiflB,'-of  whiah  the  centre  of  the  ealft  occnples  one  df 
^Mtr  fed,  and  theoy  ennsidermg  that  fihe  pkinetaty  orbits  are  like- 
wise <eUqMe8^:  Immg^h^  sun  in  one  ^f  their  foci/  he  bad  the  satia^ 
frctioo  to  ^e^  that  ibe  solntlcm  which  he  bad  undertake^  fipm 
tmmik^  ooUd  beapptied  to  the  gk«ate^  objects  in  nature.    He 
•tnn^dlhe'sefetvl  propositions  rektiiw  to  the  elliptic  motions  of 
ghiiMta^  tad  Dr.  fkll^  havhlg  hidttced  'him  to  publfsh  them^  he 
compoied  fass  gtaod  v^A^^  ^  Prinaphiy  which  appeared  in '  1^$;^: 
Vbcsc  ^iktsis^  whieb'  hi^^  been  transmitted  to  us  by  his  friend  and 
MnSeii^Hn:ary  Dr^  Pemberton,  prore  that  thi?  great  philbsoph^r  bad, 
so  early  es  'iOQd^  dlicoTered  the  principal  theorems  on  centirifi^t 
ftreoii^whieh  ii%gitais  published  six  years  afterwards,  at  tlie  end  of 
his  work  pe  Hd^ologb  Oscfflatorib;'  for,  indeed  it  Is  highly  prol 
baMe  tbit  the  ai^or  of  the  method  of  fluxiotis,  who  seems,  then  tQ 
iMKveP  beeil  hi.  (Msession  of  it,  shonld  easily  have  di^overed  fhese 
SfaeMcnis.    Newton  armed  at  the  law  of  the  (jUntiimtion  of  gravity^ 
hy  At  rehition  w6kA  subsists  betvreeo  the  square^  of  the  periodic 
times,  and  the  ebbes  bf  the  greater  axes  of  their  orbits,  supposed 
tktitfar.    He  danionsitated  that  this  relation  exists  in  elliptic  orbits 
fiueta^,  and  that^it  ihdicltes  an  equal  gravity  of  the  phnets  to- 
Iwafda^tb^  son^  suppbsing  them  at  an  equal  distance  from  its  centre. 
The  ftttme  equality  of  gravity  towards  the  principal  planet,  exists 
lik^i^ise  in  alt  the  systems  of  satdlites,  and  Newton  verified  it  on 
terrestrial  bodies  by  veQr  accurate  experiments* 

This  great  geometribian,  by  cbnsidering  this  question  generally^ 
depionstrated  tbat  a  prbje<itile  can  move  hi  any  coiiid-section' what* 
tver,  ut  eotoequenoe  of  t  force  dhected  towards  its  centre,  ^d 
'  varymg  reciprocally  as  the  square  of  the  distances.  .  He  myestigated 
the^iftrent'pyoperties  of  motion  m  this  ^)eci^  of  curves  ;*  he  de- 
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tf  nnined  die  ^oaditioDt  rtqiwte  |dr.  dw  wdkMi  to  •bo  a  cirdc^  lir 
fllipse^  a  parabola,  or  an  hyperbola*  which  coadiUoas  ckpewl  en^ 
tirely  oa,  the  Telocity  and  pfimitive  poaitioa  of  tbo  body* 

Any  velocity*  position*  and  initial  diiection  of  a  body  beia|p 
given,  New.ton  assii^ned  the  conic  section  which  the  body  shouki 
desciibet.and  in  which  it  ought  consequently  to  move,  which  repela 
the  reproach  which  Jol^  Bemouilli  applied  to  him  of  not  having 
demonstrated^;  that  the  conic  sections  are  the. only  ^uinves  which  a 
body*  solicited  by  a.  force  vauryiiig  reciprocally  as  :tbe  sqaares  of  tho 
distance*  can  describe.    The^e  investigations,  applied  io  the  motiosi 
of  comets*  informed  him  that  these  tKHlief  •mofe.jNHiod  the  sna^ 
according  to  the  san^  laws  as  the  pknels*  imth  the  difference  naly 
of  their  ellipses  being  very  etcentj-ic;  and  be  gam:  the  means  of 
determbiiig  by  observation*  the  elements  of  these  eUipsea.     . 
Ui^  i«Qrn«ri  fr/^m  f ho  compari^oa  of  the  distttice  aad  diunfioa  of 
i^s,.  with  thos^of  the  planeto*  the  reapcoi 
I  of  the  son*  and  of  planets  aocoaifNUMfid  bf 
ity  of  the  force  of  gravity  ajt  their  snr&ce«'# 
liC' satellites  move  round  their  irianets  very 
is  wene  immovable*  be.  di^coveced  that  aU 
ime  force  of  gravity  towards  tl^  aim* : . 
ion  and  reaction*  did  noftpermit  him  to 
Imitated  towards  theplaoefs*  and  these  ii^ 
nd  even  that  the  ^ arth  19  attmcted.  by  all 
D  it.    He  extended  this  proposition*  aftor^ 
1  the  celestial  bodie§«iia|id  established  as  a 
les  of  matter  attract  mch  oiher  direciiy  or 
f  as  the  square  of  th^r  distance. 
>le*  Newton  saw  that.the  great  phaenomena 
)rld  might,  be  deduped  Uwa^  it    By  comi- 
rfajces  of  the  celestial  bodies*  as  the  resiill 
their  particles*  he  ascertained  these  remark- 
racting  force  of.  a.  body,  or*  oif  a  spheriod 
ed  without  it,  is  the.s^me  as  if  its  mass  was 
compressed  into  its  centre;  and  that  a  point  placed  within  a  sphe- 
rical stratum*  or  generally  any  stratum  terpninatedt  by  two  elliptic 
surfaces*  similar  and  similarly  situated^  is,  equally  attracted  an  every 

He  proved  that  the  motion  of  rotation  of  the  eartib  ought  tOt 
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kave  tettcs«ed  tt'm  the  direction  of  tiie  pdes^  aiid  he  deteimiiiedF 
Ihii  law  of>tlie«wmtiim'of  tte  dcgreei  and  of  ^r«vhy,  siq)|Mnk^  it 
hoanogeneotis. 

He  8aw'tbat?lbe*ildtibii'of*  the  sun  aad  moon  on  the  terrestrial 
^plwfoi4^Higlil^|W0daee  a  fnotiea  inr-its  axis  of  votaikifiii»  to  make 
llMB^cqtiiaoiM^  fietco«[nKle»  to  elevilte  the  waters  off  the  oeean^  and 
ffi^.fr0dtfoe  io-lbit  gveat  iaid  aonis  the  oacilUtiom  #liieh  are  ob« 
fBHied  and^rttbe  liame  of  -tfiles. 

;  Laaitjf  bo.'<waa  convinced  that  die  Hniar  irregHlarhi^  were  fnro^ 
dueed  hy  th?iro«ibiQed-aelioii  of  the  sua  aod  eartbon'fiiis  satellite* 
But  wto  the^NO^ptibncol  whatdoHidentt  the  ellqilic  motion  <^  the 
f|^peto«iid  ceHiftit>  ihe  attraction  of  Kpbmeal  hMies,  and  Hie  in* 
tensity  of  gravity-al  'the  siirf^ceiof  ^tiie  san,  atid  of  tb6^  planets 
thai  are  «»eooit»aiiitd  by  $ateilitt8/;alltbfse  discoiftries  were  only 
al|etcb€M.byJiewt^»!  His  tJieoiryof  tiK  fi^tn  of  the  planets  is 
Jnitted  by  ^^UppMitiea  of  their  ffaotoegenity;  hi^sdlation  of  the 
pnaMtW  ^f  tki^ipvHtmoB  bf'thi  eqohioxei;  though  my  ingenious, 
ji^,  nolyiMlMHiidtajg  Ihe  i|»pti9eiit  agrcemkit  of  hisMttSji^t  with  ob* 
MFaatioa^f  tn^nwi^  re«pie<ds  defediver  in:  tbe  gretti^miinber^f  th^ 
^ttmba$ifm  <af|^.i»^e9tialmotit>iis,i  betes  oaly  cekskla^  those 
oi  tkt  lunar  motion,  of  which  the  most  considetahte,  the  ^vection, 
Jiaa  e^eafM^d  hiA,  iKveiltigfltiDn.  >  ifie  Ihaa^  perfectly  esta^^ed  'the 
^fialfi^cp  fd^\0  primnpiewhiehthe  discovered,  but  the  develop- 
jacnf! yf'  ita'co|i«iM|iieBcet  ahd  itv advantages,. has  hiM>w  the  work  &t 
^  8v!fcess9r9'.of  Ais  greal  geonifBter.  The  stal^x^C  ihip«tfectkm 
,io  which  rt»^iafimtaswatflalctthts.BHtat  hav^bectt'iti  th^  hands  of  itis 
iDvent<Nr^  didfi^^t^miil  him  to  mohreiciompleteiyithedifBcult'pro- 
. McpDa,w4«ch^ ^  thf^iy  of  ah^systenk^  eif  the  world  presents ; 'and 
.be  wa^,^fif^pi^l%ifd;^  giire  eoifectOBei^^  tHl  thisy  hthfe 

been  iiai^.  verified,  by  a  vigordafr  eidet|kidott.  Notwithstanding 
these  inevitable  defects^  tbeimpprtaaee^and  extent  of  his  discov^- 
.«iiPS»i^»gi«|iVmniibev:of>origiM  andprofendd  codceptibnsj  which 
Imfetbeen^tiMi  gemit^^.tbe'moM'bnliant  theories  of  the  geometers 
erf  thefHseseaf  ti«i6i^  iindarrtiigadwitbaiUiebelegancie,  insures  to  his 
iVsMJ^  a  pi«.4»niflfeaecf  over  aU  ^thfcr  prodactioas  of  homan  la* 
.I^Uact* 

The  ease  II  iio(  the  same  with  tbe  adoices  as  with  KitraftiHfe;  the 
JmI  baa  Umita  ivUdh  a  flri»  of  geuh»inay  reach  wheahc  employs  a 
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lMig«tgcbro«^1il>  to  perf«^ti0<r;  be  is  mA  witlrtli^  hMMi  MtettMf 
H  iM  «sefr^«d  iiiiie:oii]rMichrt0  hknepntfltlbii'by  tire  vlilii'^tfQm 
of  those  who  try  to  imitate  him*  y  '>  y  '      j  "  ^ 

:  Tke-Mlewtfs,tm«iieTohlfti7»iittfoMk#IHKt^ 
citeie.iiifiMMj  by.tbe  hboOTs  •f  successbc^gmeHifMliir  the  itwyft 
fwrfeet.  iMirka.  by  raniBg  tliem  to  H'  M^-fmm*  whM  >thiry'  tvk 
never  ftgaiBt  descend*  tbty  fife  Urthto  ftelv  ^ifcee^rcM  «ilhM  ^f^rdi 
duce  in  their  turn  new  works  which  effiice  tho^ibrwiilr'AoMI  tvftkil 
Ibey  ofigintttd.  Others  wiH  pi^nt  in  a  pofuf  t)f  i^W  ^die  gehe- 
M  tmA  nMhemmiple^  the  tbeooM  dede^MI>ifl*  tbift  jp^^^^i^  ^ 
nil  Hieliiilhs  wiisch^  it  har  display  t  l^ttithPHndpitt^m  MM 
JFeiBahtoetcfTAaa9#oiiBielitor  tfae  profiittdity  of  tlMf  ge«itas  ¥HH^ 
baft  unftikjkd  l»  m  the  grealetft  law  of  the  aHiv^ne^ 

This  work  aiMi  tile  eqvMf  original*  treatise  by  tfMr  Bftme  anthot 
•n  Op^,  fa*v^4tiil  the  m^t  of  bemg  the  belt  model$  #bich  ht 
proposed  in  the  isti^nees,  md  iii  the*  d^ttoate  atf^  miAiitg  e^t^el^ 
^Bientu  aod^wbidiltifit*  tk«n  io^^kiil^ion.  We  #ei«  s^  the  mm 
J^ntiM  $inKca^66M  of  the  jMdKid  ii4iidi  v^hriits  kt  ti^eibg  tM 
<primsipal  ptmnetBena  to  their  cailnes  by  h  siteees^ibii  of  indu^stioAl, 
-and  afterMids  of  rectettatding'ihmi  these  causes^  to  «11  the  d^oh 
^f  tbepli9HionMna.        -  3     1   /         .     .  ♦> 

.,  Qenljtf  laivs  Jtre  m^eiMH  ^  all  indivkitMl  tasek,  lM  fh^y'itf^ 
.|^(N»ipUlsat«)(k  luMi  8D  manj^  citikiMWift  ciKum^llinc^s,  fb^t  fl^ 
'.greatest.  MdiM  k  iliitc&  necesiaaryio develop  them,  'llie  pHtefid* 
(li^ailB09t^  pDoper  iorlhisi  objeot  mist^be  dkoMn^^ttey  must  be 
mullipliedi  tftal  itlw^atfendairt)  circtfrntomieey  may'Wthri^^  Md 
^t^tt1rilllrH^eff't}9^y^baffeiaclttB^^  i  ' 

f  ;Wet^i4i9  A(M»t»djiaod88^e)gr  to  f^  Oiolre  and'  mote'  e«l^. 
^^»iao4we:lurriv^ittt.kBgtb^  B^liend  4aWsi  Whteh  <k^ Verified  «tb^ 
vby  firo«i6  •€.&$  direct  ngtptlameHti  it  that  isr  j^ll^bi^^  tr  %y  exktfi{&. 
Ju^gifrtMirfllBtiifyAHthehiiowiiphmefaena.  ^  *  w  ^ 
.,  J[*hi^  ia:i}ie:m)9ticerfib  pMidtt  by.  whlel^  ^  ttti^  b«  :^taett  h 
,  |i^  se^bjof  ]^m^«  Norpyfeadpher  has*  adfaeml  mr^fikMtiij 
;t^Sh^  fQ€t^94)liMin  Ntwtmi  it  eaphiotea  IHm  111'  Ids  diacty^kri^ 
J9  iAfOo^^^i  SM»4  it  kd  b|^ 

and  to  the  properties  of  light.  Other  philosophers  m  EnglaM;  eb- 
tump^xari^of  Newlom  advplcd  it  by  Jtb  exaih^  tiridil  wi»  the 
ih^'  ^1 9  «mt  mttim  #f  esodie^t  w^fki.  wbicb  the^  apt)efti^d: 
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:  Tlie  ^hltettffhiw  (»f  iiRti<|iitty  fen^Nvh^  a  cotttittrf  patli,  and" 
ciMM«t4Bg  UiiHiMit«c»  at  at  IIm  sduroe  of  every  thiog»  imagined' 
general  cawoea  to  explaia  them. 

.■  Tkeir  ttietbodi,  ^wWch  was  only  pro4active  of  viihi  syfltems,  bad 
notgrei^r  tueoes^in  the  faandft  of  Detcartes.  In  the  time  of  New« 
ton>  Leibnitz,  Malebrancbe  and  other  philosqihers,  eta4>loyed  if 
Dtith  9a  little  advantage* 

At  length -tbe  iMitiHty  of  the  byt>otfieses,  to  iwbich  it  led  ita 
li^llowers;  ttiid  the  |>rogre90  for  bhieh  the  sciencet  areindebted  to 
Hie  method  of  indactions,  has  brought  back  all  phHosephero  to  this 
last  process^  which  Baeonestablisbed  with  all  the  force  of  reason  ant 
eioqtie^ce>  and  wliidi  Newton  ydt  asore  Slfonglj  reoaauaettded  by 
Ins  discoveries.  ~ 

It  ]si>y  means  of  qm&esis  that  Aim  gmit  geometer  has  eaphmw 
^  hb  theory  of  the  qrltent  of  lfae>world«  It  appeaia»  however, 
that  he  4braid4he  •greater  |mrt  of  liis  theorems  I7  aoalysis>'  the 
iinrifs  ^  whkh^  he  has  oonsidemb^  extended^  and  to  which  hn 
$flfttn  bim^eir'to  hAv«  owed  his  general  MiwUsna  the  quadmtarar 
df  enrves. 

Hut  hiSfvett^tfMectioit  for  qwtifesif,  tad  bis  esteeas  for  Hie 
geom^  ef  the  aniients,  4m»  iadtieed  him  to  Mf»eseat:his  tbeo* 
iem^^atid  even 'bis  method  ^ihkioMy  a^er  a'vytithatic  form. 
And  it  is  evkMt  by  the  rukf  end  Examples  which  he  has  gjve»  of 
these  tnMformatioiis  in  many  works,  how  mncfa  hapManoa  he 
attached to^ it  We  may  regt«t  wMthe  gaometsm  4^f  Jkis  thBe^ 
fhet  he  has  not  iMIowed  ia  the  eapoaition  of  his  diseoMeviasy  the 
|«HibywhiehheMriv^atshenl|  and  that  4e  his  s«v||ieiead  th^ 
ANMbtMtiatidn^bf  many  teialtsr  sacfc  ts  the  ei|«at!iois  ^  Ibe  Sdlid 
of  leas^  NMislaM^e^  f^dehiag  the  )^^ 
to  Hfat  of  eflfligbtttliifg  his  read^ia* ' 

The  bnowledgl^  of  ttie  titelhddirtiMi  Jm  gitidedii  nmnofgenhii 
is  not  less  serviceable  to  the  progMSiWf  the  stielices^  and  even  t6 
lys  own  gtery,  (hiiir  US  diie6t«^^>^imd  thepAfK^  idvaiitlige 
Kirifich  has  been  derived  fh»tai  the  fttinons  dispute  M#een  Newtoii 
ind  Leibtiftz,  eoneeming  the  htVeM^n  of  the  iftfiditesmil  okktilos, 
Ims  been  td  mske  knewnf  the  ]pAt^  t)f  th^se  two  greilt  nicn»  m  thehr 
flrst^mdytiaA  hd»««rs;  - 

The  preference  of  Nmton  for  th^  synthaisid  metbdd,  may  hk 
e^i^ained  by  the  elegance  witli  whieh  ht  connected  his  theory  of 
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qiMrviliiie«Mi)^tkMi,  wiUi  ^.mm^p^don^ofi^  m^M»^oi^  die  cMic 
vctioDs,  aqd  the  beautiful  d'movtrk$  which  Qi^tn^  bad  piiUMiadi 
according  to  this  method.  Greometrical  »yatbe4is  hat  besides  tke 
{property  <rf  oeyer.lafiiDg  sight  «f  its  object,  aad  .pf  enligbtemt^ 
tlie  whole  path .  whkh  leads  from  the  first  axlons  to  their  bat  coo* 
a^quesce^  .while  algehauc  a^ai^is  soon  makes  us  forget  the  priiH:!*^ 
pal  object,  to  occupy  ourselves  with  abstract  coiubipatioiis»aiMl  only 
brings  us  batk  to  il  at  the  eud*  But  iu  thus  quittiiig  tbe  ebjeefof 
iovesiigatioii»  i^er  having  assumed  wh<rt  is  indispeiBaUy  qecessary 
to  arrive  at  the  re^n^ired  result,  by  directing  all  our  attention  to  the 
operations,  of  9mfym,  tnd  reserving  all  our  forces  to  overcome  the 
(}i8iculti^  lysbiob  [pveieat  the«isehfes,  W;e  are  conduotcft  by  the 
luiiversality  of  this  method, — by  the  inestimable  advsiatage  of  thns 
t£aM$ler(ing  tbe  train:of  rmf^o^g  ifl  mjeobanical  questioBs>-*-4o  re- 
mits afldn.iaaece^ib^e  to  syntbe$is.  Tbe  theory  of  the  i^tem  ofi 
tbe  world  offers  a  great  dumber  of,  example  of  this  power  of  ana* 
^sis  wbicbgite  it,  a  degree  of  perlectioa  it  vvowidnf^f^  bav^ac^^ 
qMil^d,bad  no  p^r  path  been  kW^yif^  than  ttat^ traced  by  Neiw^. 
ton.  Such  is  the  fecundity  of  analysis,  that  if  we  translate  particiflar, 
liHths  intA  thift>uBif  etsal  hingiime^  w^  shall  fiad  a  number  of  o^w 
a»d  unexpected  tcatbs  arise  ineiciy  fram  .th^  form  of  expi^oo* 
Kalangiwge  is  30t  suscepciUe  of  tbe  elegaitfe  whidi.arisea  from  thc^ 
devetopmeitt  ef  it  long  Irain  of  i^spfessipns  coimacted  with  each 
ptfier,  and  aU  flowing.  frOna  the.  sabae  .fitfldam^tal  idea.  Ana? 
lysis  uailtea  to-ali  these  advantages  that  K>f  beiag  evejr  ab^e  to  gpq- 
4ect  41S  io  tbe  n0st  simple  inethods^.  NotbiO||^  moreis  requisita 
ttan  to  app^  it  .in  n  copteoientf  mimier  by  a  judi<aous  cboioe  of 
ttiihBo)vii  lyiafitifimy  and  by  Hiving  to  tbe  results  the  form  mo^ 
easily  redu^tt>ie  tot  gei^ip^tri^.aNistr^ction^  ^  t<^  niinerical  cakur 
lation.  The  geometricians  of  the  present  cet^qry^cod^vinped  of  itf 
^pedority,  bavf^  pefiuliatly  ^^^Hi^d  themselves,  to  extend,  its  <do- 
pjajp,  ai9l.fiularge>4t»  boHndapef* 

Qeomf|ti{ic^.€Qi^i^eratiQi|Sir  however;  oi^tnot  to  be  abandon^ 
ed ;  they.aife  pfttbe  greatest'^ti(ity  in. the  arts.  JBesidesirhich  it  is 
curious  to  imagine  tbe,  different  results  of  a^i^w  r^resented  ig 
fipace;  and  reciprocally,  tp  i)9a4  ^  the  affections  of  lines  aiid 
surfaces,  and  all  the  variations  in  the  motions  of  bodies,  in  tbf 
equations  which  express  theuu  TMs  approximation  of  geometry 
and  analysis;,  diffuses  a  new  light  over  the  sciences;  tlie  inteltectiia} 
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opemtions  of  the  latter,  rendered  perceptible  by  the  images  of  the 
former,  are  more  easy  to  comprehend,  and  more  interesting  to 
parsue;  and  when  obseryafipo  realizes  these  images,  and  trans- 
forms these  geometrical  results  into  laws  of  nature,  and  when  both, 
embracing  the  whole  universe,  display  to  our  contemplation  its  pre- 
sent and  fbture  state,  the  view  of  so  sublime  a  spectacle,  presents 
to  us  one  of  the  most  noble  pleasures  that  have  been  kept  in 
reserve  for  mankind,  .  , 

Nearly  fifty  years  have  now  passed  away  since  the  discovery  of . 
the  theory  of  gravttatk>D,  -without  any  remaikable  addilimi  ta  its 
AJl  this  time  has  ^n  necessary  to  render  so  great  «.trulh  gnmtmWf^ 
understood,  and  to  surmount  the.  obstacks  opposed  taitt^ftylbdi 
systenfl  of  vortices,  and  the  authority  of  geotiielritiabs^oBlvmpbnMy/ 
with  NewtoD^  who  combaited  it  perhaps  tfasla-  vanity^' b|it>wfa»» 
never^less  accelerated  its  progress  by  tbeir  labours  x>ii'infi«MDtel4 
analysis.  '..•'/      »^.  '.    ?.'^mv.viti 

-^  At  length  astronomers  have  conceived  the  fbrldhaM  Jdeatfitf « 
iq^ymg  this  analysis  to  the  celestial  motibbe  by  rediiciog"tfaedii^»> 
differential  equations,  which  -they  have  ngoroaaly  lategnrttti^.dH^ ; 
^Hmverging  approxiiMrtioti.  •  They  htiPtUihmi  «»|illnn<)i*b|t  thoftlW 
of  grovftation  aH  the  known  plisnioiiMna<of  tbe.iystta  nflhcf  wdfldv* 
and  have  given  an  unhoped  for  precision  to^stroiidmilBlWdilet^:  rifc* 
has  been  lieoessary,  fortUs  oliject,  lo  bring  lo  jpeifectiooKjitlonenr 
mechanics,  optio^j  and  analysis^  which  prine^^ally:  oiir#  their j^pid 
improvemenls  to  their  being  necessary  lo  the  pntposef  oftphgnical, 
astronomy.    It  might  be  rendered  yet  nM>r»coi%Ml.iMl«VB|4e«  but. 
posterity  will  no  don\>t  9«e  with  gratatnie  thai  tbegetudilcnof  ttle 
ptesent  centory  have  tmnsmitted  no  astrdnimiHdipyebomenoQ-  of' 
which  Aey  have  not-deteriniiied  the  oanae  and  the  law,      . , 
'  Justice  to  France  requires  ns  to  ol^rve,  that  if  ifiuglandhawe  fand 
the  advantage  of  giving  birth  to  the  disebtttiy;  of  universal  grhvitn^  > 
tion^  it  is  principally  to  the  French  ge^meteip^  and  to  the  patronage 
of  the  Academy  of  Sciences^  that  we  are  indebted  fiir  numeffous 
development  of  this  disoeqwcy^  and^ther^vastetiflii  which  it  has  pro<» 
.  dnced^ftt  astronomy.  .  . . :      1. 1. .    -»  , 
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CHAP.  XVIII. 

OBSERVATIONS  ON  THE  PLANET  TENU8, 
BT  DB.HBRSCHEL. 


Xhi  phntt  V€Diis  is  an  object  that  has  long  et^aged  iqy  particpkir 
alteBtioii*  A  seiiei  of  obaervatioDs  on  it»  which  I  b^gan  io  April. 
1777>  has  baen  continued  down  to  the  present  tine*  My  fitst  view^ 
whan  I  eogig^  '^  ^^  pursuit,  was  to  ascertain  tlie  djvrnal  relation 
of  thki  pbpet,  which,  from  the  contradictory  acconqts  of  Casnoi 
alMl  Bianchini,  the  former  of  which  states  it  at  S3  hours,  while  the 
latter  nahes  it  24  days,  appeared  to  remain  unknown,  as  to  its  real 
duration :  for  the  obsetvations  of  these  gentlemen,  how  widely  dif- 
fcwt  soenr  with  regard  to  time,  can  leave  no  doubt  but  that  this, 
phUMt  aetuaUy  has  a  nation  on  its  axis. 

The  iKf  t  ol^ect  was  the  atmosphere  of  Venus ;  of  the  existence. 
of  which  abo^  after  a  fow  months  observatioos,  I  could  not  enter* 
^dn  the  least  doubt.  The  mvestigation  of  the  real  diameter  was, 
the  Sd  ot^cet  I  had  n  view.  To  which  may  be  adiied,  in  the  hst. 
phu^er  an  attention  to  Ae  coostructiop  of  the  planet,  with  regard  to, 
parmsiwpt  appear^ nres ;  auch  as  might  be  occasioned  by,  or  ascrib- 
ed to,  scBs^  eontipents,  or  momoains. 

The  lasult  of  my  observations  would  have  been  communicated 
long  ago,  if  I  had  not  still  flatteiad  myself  with  the  hqpo^  of  som^ 
better  success  oonceming  the  diumal  motion  of  Venus;  which^  on 
aeeoont  of  the  density  of  the  atmosphere  of  this  planet>  has  still 
eluded  my  constant  attention,  as  for  as  concerns  its  period  and  di* 
ration,  l^ven  at  this  pseseat  tune  I  should  hesitate  fo  gi? e  tbi^ 
foUowhig  extract  from  my  journals,  if  it  did  not  seem  incumbent 
on  Bie  to  aouunine  hy  what  aeddani  I  caom  to  ova ilook  asountaias 
in  this  planet>  wbkb  are  said  to  be  of  such  enomous  hfighl,  as  to^ 
«iicaad  4,  5,  and  even  6  times  the  perpendicuhur  elevation  of  Cim« 
boiafo^  the  highest  of  our  mountains  *! 

The  same  paper,  which  contains  the  lines  I  have  quoted,  gives  us 

•  See  Phil.  Trans,  for  1792^  part  !9,  page  537. 
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IA;6wIsb'  mtify  exlnonliii^ry  aceounts,  equally  >voiMlt^;  such  aft 
Imts  of  tbe  Tarioas  aM  siagular  propertks  of  the  atvMwpliere  of 
Satarn  *.  A  ragged  margin  in  Vctltit^  reAembJing  tbe  uneven* 
boffSer  of  tbe  ihoaii,  as  it  appears  to  a  power  ttiagoifving  from  I  to 
4  f.  One  cusp  of  V&ivm  aj^ariag  pointed^  and  the  c^ber  blunts 
owing  to  the  shadoilr  of  soibe  monotain  |.  Flat  ^iherical  fonns  e^« 
apicuoHS  OD  Saturn^  AIL  which  being  things  of  which  I  bare  never 
takes  any  notice^  it  will  not  he  anaet  to  show,  by  what  follows^  that 
neither  want  of  attention/  nor  a  deficiency  of  intra  Aentt»  couM  och 
casion  my  not  percdviug  these  mountaias  of  more  than  23  millefe'  in 
height  K;  thisjagged  border  of  Venus;  and  these fltit  spKeriod  foHrit 
on  Saturn*  ,      . '  ^ 

Indeed  with  regard  to  Saturn,  I  cannot  hesit^e  a  'suigfe  ntoment 
to  say,  that  had  any  such  things  as  €at  spheribal  foims  exited,  they 
could  Uot  possibly  have  escaped  my  notice,  in  the  diilnberless  obsetv' 
nations  with  /,  10,  20,  and  ^Ofeei  reflectors,  which  I  have  so  ofbn 
directed  to  that  planet.  However,  if  the  gentleman  who  his  seen 
fbe  mountains  in  Venus,  has  made  observations  od  flat  ^irlcal 
forms  on  Saturn,  it  is  to  be  regretted  that  he  has  not  attended  to 
tiie  revolution  of  this  planel  on  its  sxis,  which  could  not  remain  ati 
hour  unknown  to  hm  when  he  saw  thesd  forms.  Last  nigbt.  May 
81^  1793>  for  instance,  I  saw  two  small  dark  spots  on  Jupiter  rjf 
ahall  not  call  them  Hat  spherical  forms,  because  tbiir  flatn<bs,  as  wefl 
MB  their  sphericity,  must  be  hypothetical  >  indeed  th^e  two  terms 
aeeoitome  to  contradict  each  other*  These  wet^  k&vidently  rt- 
JBOved^  10  kts  than  an  boor,  in  such  a  manlier  as  to  j^bint  ost,  vtiy 
nearly,  the  direction  and  quantify  of  the  fotatlon'of  thit  pkuiet.* 

Before  I  remark  on  the  rest  of  the  extraordinary  tdatiOAa  iribovte- 
-mentioiied,  I  will  give  a  short  extract  of  my  observiatioiiB  on  Vemn. 
with  such  deductions  as  it  seemt  to  me  tint  we  are  authorized  to 
make  from  theu|.T    hvs, 

April  17,  1777,  the  dbk  of  Venus  was  exceedingly  weQ  deflaedl, 

ti    '         II  I  "  '       ..      I.  .  .     «      ■   ...r 1 1  •■ '  ■■  " 

♦  See  PWI.  Tmi«.  for  11^  |^rt  «,  pace  9<».       \.^     -  . 

.  -I-  Ibidem,  p«ge  310.  /  ,     r       . 

t  p.  312. 

I  Tkekeigliftef  ChMie-refo,  accoff4iii(rtoMr.Ceadam»ae,  i*3900FreB«h 
ttfises :  •od  tbe  English  mile,  hf  Mr.  De  Lalande*  measurea  690 .  U  tbemoup- 
tjdat  ie  Yepos  exceed  Chombo-ra^o  si^  times  in  perpendicular  elevation,  tbc^ 
'mast  be  more  than  23  miles  in  height. 
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cHstinet,  and  brighti  bot  no  spot  was  visible  by  wbicfa  X  could  jodge 
of  ber  diqrmil  motion.  The  same  telescope  shows  the  spots  on  Man 
extremely  welU    7-feet  reflector. 

'  April  26, 1777.  The  disk  wdl  defiBed,aod  bright,  but  no  spot* 
10-feet  reflector. 

In  this  «iamier  Dr.  H.  sets  down  a  number  of  nmilar  observations  ^ 
^dience  be  infers,  that  Venus  has  a  motion  on  an  axis ;  and  that  sfae 
has  an  atmosphere  he  considers  evident,  from  the  changes  he  took^ 
ikotice  of,  which  could  not  be  on  the  solid  body  of  the  planet.^  < 
'  Then  follow  many  other  observations  on  the  same,  with  some  on 
the  diameter  of  Venus.  After  all.  Or.  H.  adds,  a  very  few  evident 
•  results  may  be  drawn  from  the  foregoiog  observations. 

*  With  r^rd  to  the  rotation  of  Venus  on  an  axis,  it  appears  that 
we  may  be  assured  of  this  planet's  having  a  diurnal  motk>n,  and 
though  the  real  time  of  it  b  still  subject  to  considerable  doubts,  it 
can  hardly  be  so  slow  as  24  days.  Its  direction,  or  rather  the  posi- 
tion of  the  axis  of  Venus,  is  involved  in  still  greater  uncertainty. 

.  The  atmosphere  of  Venus  is  probably  very  considerable ;  which 
appears  not  only  from  the  changes  that  have  been  observed  in  the 
faint  spots  on  its  sur&ce,  but  may  also  be  inferndd  from  the  illumif 
nation  of  the  cusps,  when  this  planet  is  near  its  inferior  conjunction ; 

Iwhere  the  enlightened  ends  of  the  horns  reach  far  beyond  1^  jseyni- 
circle.  I  must  here  take  notice,  that  the  auttior  we  have  befote 
qiRyled  on  this  subject,  has  the  merit  of  being  the  first  who  has 
pomted  out  this  in£»ence,.  but  he  has  overlooked  the  penumlna 
asi&ing  from  the  diameter  of  the  sun ;  which  has  certailily=  a  consi- 
derable share  in  the  effect  of  the  extended  iUuminatioB,  and  in  his 
an^e  of  l^^"  igf  will  amount  to  more  than  l"*  li'  47^^6. ;  His  mea- 

« mires  are  dso  defective;  as  probably  the  mirror  of  hi$  7.4eet  refleo* 
toi*,  which  was  a  iftry  excellent,  one,  was  by  that  time  considerably 
tarnished,  and  had  lost  much  of  the  light  necessary  to  ^how  the  ex* 

.  lent  of  die  cu^  in  thdr  full  brilliancy.  . . .   i  ,  .; 

1  do  not  give  the  calculations  I  have  made  of  the  extent  of  the 
tWSight  of  Venus,  because  my  measures  were  not  so  satisfactory  to 
mysielf  as  I  wish  them  to  be ;  nor  so  near  the  conjunction  as  we  may 
hereafter  obtain  them ;  neither  were  they  sufficiently  repeated^;  My 
computations,  however,  when  compared  to  thbse  given  in  the  piq>er 

'  on  the  atmosphere  of  Venus,  sAiow  sufficiently  that  it  is  of  much 

*  greater  extent,  or  refractive  power,  than  has  been  computed  hi  that 
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'^aper.    IHom  cafcolations  mdeed  are  so  full  of  hiaiicuraciesi  that  it 

*^'Ottldbe  necessary  to  go  over  them  again,  in  order  to  compare  them 

riefly  with  my  own,  for  which  at  present  there  is  no  leisure.       ' ; 

"    I  ought  abo  to  take  notice  here,  that  the  same  author,  it  setfOfi 

M  taken  measuffes  of  the  horns  of  Venus  by  an  instrument  whicl^ 

HI  his^ptfMieaiions,  he  calls  a  projection  table,  and  describes  as  his 

t>wn ;  of  which  however,  those  who  do  not  know  its  construcyon 

%ymy  have  a  very  perfect  Idea,  when  they  read  the  description  of  my 

lamp,  diflik,  and  periphery^^nknrometers^  joined  to  what  I  have  mea« 

tlOnedabbVe^^ fusing  the^  disk  micrometer  without  lamps  when 

4lay-light  h  sufficiently  Strang ;  or  even  with  an  illumina^on  in  fron^ 

where  the  object  is  tirighr  enough  to  allow  of  it,  such  as  the  moooi 

&c.    I  remember  drawing  the  picture,  of  a  cottage  by  it^  in  the 

>fearl776,  which  Was  at  three  or  four  miles,  distance  ;amr  going 

«fiterwards  to  comjpare  the  parts  with  the  buUing,.  found  tthemv^xy 

justiy  delineated.       ;  .  i  .  .... 

f    1  h^vf  also  many  times'  had  4he  honour  of  showing  my  ftrieoMb  the 

«a^iiracy  of  the  method  of  applying  one  eye  to  the  telescope,  and 

'Ae  other  to  the  projed;ed  picture  of  the  object  in  view ;  by  desiring 

fthem  to  make  two  points,  with  a  pin,  on  a  card  fixed  up^.at  ^  coQ- 

▼enient  place,,  where  it  might  be  viewed  in  my  telescope  ;.and  thfs 

being  done,  I  took  the  distance  of  these  points  from,  the  pictjure,  I 

saw  projected^  in  a  pair  (^'proportional  compqs^s, . one  side  qf 

which  was  to  the  other  as  the  distance  of  theobj^  divided  by  th^ 

distance  of  the  image,  to  the  magnifying  power  oi  U^eteles^pe; 

and  giving  the  compasses  to  my  friends,  they  generally  found  tliat 

the  proportional  ends  of  them  exactly  fitted  the  points  they  bajA 

made  on  the  card.     AH  which  experiments  are  only  so  maqy  ()iffer- 

entwaysof  Using  the  lamp«micrometer« 

i'  As  to  die  mountakis  in  Venus,  I  may  venture  to  say  that  no  ey^, 
which  is  iu>t considerably  better  than  mine,  or  assisted, by, ipiudi 
better  histruments,  will  ever  get  a  sight  of  them ;  tho.ugh  from, the 
analogy  that  obtains  between  the  only  two  phmetary  gflobcs  we,«iiii 
compare,  (the  moon  and  the  earth)  there  is  little  doubt  but  Ihft 
i\us  planet  also  has  inequalities  on  its  surfiice,  which  may  be»  f<9r 
what  we  can  say  to  the  contrary,  very  cQnsidera))le« 

The  read  diameter  c^  Venus,  I  should  think,  may  be  inferred  with 
.great  confidehoe,  fvem  the  measure  I  took  with  the  twentyr&^t 
.  ttAbctmi  in  the  inoniii^  of  the  24th  of  Sanmbtf,  47fil  •  wjbicji, 
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IvWn  redacfd  to  tbc  itiean  dtststnc^  ef  th^  tfutb,^  gh^  fS'^^'S  <Dr 
flit  'apparent  dhiraeter  of  tkis  pIsMeti    TIms  remit  is  miliar  |<inack« 
able,  as  itseeais  to  preive  that  Venua  is  a.liltle  hu^erihan  IbeiMtftli, 
ilifttad  of  being  «  Kttle  less  as  \M  beeut  sapposed  $ .  yet,  on  the 
nicest  s^tttioyj  I  cannet  .find  ftiult  witb  the  ia«aswes.   .Tke  planet 
was  pat  iMtween  tbe  two  wires  ei  the  tnierome;ierj  whticb  were  out- 
ward tangents;  and  tbej  were,  after  each  measure^  shatso  as  to 
mael  with  the  same  edgej  and  in  lhe«sa«ie  place  where  tbepkiMil 
was  measured.    In  this  situation  the  proper  deduclipa^  for  ndl 
being  central  measures^  was  pointed  ool  by  the  iode^plate*.  Tbe 
IvansitB  of  the  25ih  wete  cor  reefed  for  a  saiaU  oooeavity  of  tjpe  wir^ 
SMhich  being  peetty  tbick  and  stubboniiwere  ncft  stiained  sufficiently 
to  make  them  quite  straight,  the  amount  of^  which  was  al^q  ascer* 
tained  by  an  examination  of  tlie  division  where  the  wire3  ^haod  at 
the  ends,  and  where  ticy  closed  in  tbe  caitre.    The  zero  was,  wkk 
equal  precaution,  referred  to  a  point  at  an  equal  distance  from  tbe 
contact  ol tbe  wanes  ou  each  side;  f4r  thay  are  at  Uberty  1o,  fmss 
oftr  each  other,  withoat  ocraBioitiiig  an^  derangement    liie  jbaha, 
^r  play,  of  the  screw  b  less  than  tbree-tentfas  of  a  division*    The 
two  piaaetoy  however,  are  so  nearly  of  an  eqiuil  sise,  that  it  would 
)eat  our  mea^res  of  the  diameter  of  Venus,  in 
le  circumstances,  and  with  micrometers  adjusted 
M  of  precision,  to  decide  with  perfect  confidence 
ars  most  Ukely,  larger  titan  the  eaatb. 
phenomenon  of  the  briglit  margin  of  Venus^  I 
noticed  by  tbe  author  we  have  referred  lo ;  an 
aid,  "  this  light  appears  strongest  at  the  oufvratd 
it  decreases  gradually,  aiid  ill  a  regular  progres- 
iterior  edge  or  terminator.**    But  tbe  luminous 
lescribed  it»  in  the  observations  of  the  9tfa,  Idtb, 
pril,  does  not  in  tlie  lea^t  agree  witb  the  above  re* 

I  regard  to  the  Cause  of  this  appeataoce,  I  beJicfe 
to  ascribe  it  to  the  atmosphere  of  Venus,  wbicb, 
«bly  replete  witb  matter  that  reflects  and  reihicts 

II  directions.    Therefore  on  the  border,  where 
we  have  an  oblique  view  of  it,  there  will^  of  consequence  be  an 

'  increase  of  tins  luminous  appearance.  I  suppose  the  bright  belts, 
and  polar  regions  of  Jupiter,  for  instance,  which  have  a  giedrter 
Ugte  than  tbe  Aiatstieaks,  or  yellow  fielts,  OS  that  pianeti  td  be  the 


Digitized 


by  Google 


fMStwlMitHiatiwifpbcffviiiMit  iSM  wih  eldiids,  f^hOe  tbe  b«« 
ter  ar^  pidMrty  <lm«  r^p^os  wbkh  tfe  fret  fpoiQ  thM^.iwiijMU 
mk  tbe  siio  to  shine  on  tibe  planet ;  by  which  means  we  have  the  ve^ 
flection  of  tbe  teal  lurface,  which  I  take  to  be  gi 
oos.    If  this  conjecture  be  well  founded  we  » 
qMis  on  Vehils  Hre  so  seldom  to  be  perceived 
bavhig  a  dense  atmosphere,  its  real  surface  will  c 
Joped  by  it,  so  as  iiot  to  present  ns  with  any  varic 
This  also  poiab  out  the  reason  why  the  spots,  wJ 
a«e«  appear  geneiaOy  of  a  darker  colour  thsM)  the 

[Phil.  Trans. 


CHAR  XIX. 
Air  Awcvnt  Of  THitst  iroLdANbBs lii txiliioaiir^ 


It  wiU  be  necesi^ary  to  say  a  few  words  by  way 
.the  account  I  iiave  to  giye  of  some  appearances  u{ 
phaenomekiii  of  nature,  especially  those  that  fall  ui 
of  the  astronomer^  are  to  be  viewed^  not  only  with 
to  facts  as  they  occur,  but  with  the  eye  of  reasc 
In  this  we  are,  however  9ot  allowed  to  depart  from  ptajn  app^aff 
imces ;  though  their  origjua  and  signification  should  be  ipdiaateff  )by 
tbe.  most  characterising  features.   Thus,  when  we  see,  on  the  sudbof 
of  the  mooa^agreal  nuniber  ofelevationst  from  half  amile  tof 
^ile  and  a  half  in  heigbti  we  are  stri^ly  entitled  to  call  them  mqtin* 
lains;  buf»  when  Wi^  attend  to  their  particular  sh^pe,  in  which  maty 
|of  tbem  resemble  ^^^ers  pf  our  vokano^,  and  thence  argue;  tha^ 
they  owe  their  orttin  to  the  same  cause  wlikh  has  modelled  mafgr 
of  l^iese^  we  ma^r  be  said  to  see  by  analogy,  or  with  tbe  eye  of  «%• 
aon«  Now,  in  this  latter  casCy  though  it  may  be  convenient,  in  speakr 
jog  9f  pbsenomeni^  to  use  ej^furessions  that  can  eidy  be  justified  by 
iynipnip^'.  uppQ  the  faclP  th^msehres,  it  will  certainly  be  the  safes| 
m%j  wtU^m^i^Aj^fl^Wa^^  of  tbem,  thai  it  may  appear  to 
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^84  or  tlift«d  roVckix4>kiW^t»n^U6c^i 

iMto^frtttiis^^i may 'Mftty  preeMi<  to  gift  my  cbscuh^sUdis* 

l787;W.36'sidef^aitime,  *  * 
IS  ill  diAerent  places  ofthe  dart  part  of  the 
m  are  either  already  nearly  extinct,  or 
)ing  to  break  out ;  which  perhaps  may  be 
The  third  shews  an  actual  eruption  of  fire^ 
^asured  the  distance  of  the  crater  from  the 
Q,  and  found  it  3'57"»3.  Its  light  is  much 
of  the  comet  which  M.  Mechaiu  discover- 
s  month. 

April  20, 1787,  itf*  2^  sidereal  time. 
The  volcano  burns  with  greater  violence  than  last  night.  I  be* 
lieve  its  diameter  cannot  be3la^  th^A'3^,'  by  comparing  it  with  that 
of  the  Georgian  planet;  as  Jupiter  was  near  at  hand,  I  turned  the 
teles^pe.to  hm-MiApnt^HUii  andi  citinialfd  tbe  diameter  of  the 
burning  part  of  the  volcaov  to  be  eqvaj^io  at  least  twice  that  of  the 
satellite.  Hence  we  may  compute  that  the  shining  or  burning  mat- 
ter must  be  above  three  milCT'ffnfiameter.  It  is  of  an  irregular 
round  figure,  and  very  sharply  defined  on  the  edges.  The  other  twp 
9^fj^d^ski^  t^iAcVfdhh^r  ioVflrds'the  cetitre  of  the  nibon,  and  te« 
s^bfe  ^ige,  phitjf  faint  nebulas,  ihat  iire  gradhdly  niuch  brightei' 
W4he  riiidtiJi  i  biit  noWcIl  defined' Wmoiis  spot  can  be  discerned 
fc^tie|mr  '*Thtse  three  spoti  are  plainly  to  be  dbtinguished  from 
tfteH^bf  tU^mirrks  iipoh  the  mooti ;  for  ihe  reflection  of  the  sun*s 
iimifibhi'flie''^t^h'1^  in  its  present  'situation,  snfficieiitiy  bright, 
Wtbw  ten-feet' reflector,  to  show  >flie  moonV  spbts; 'eVeh  the  ddrkest 
l^i^mVnbt'  ^id  I  perteiVe 'atiy  simiKb*  pba^ottena  last  lunation, 
flidug^'t  th^tt  viewed  the  s^me  "places  withf  tht  sanAie  instrument. 
*'  The  appeairanc^  of  wh^t  I  have  called  the  netuai  fire  or  emption 
tiY'd^volcano/^xddly  resembled  a  soiikll  |Ueds  6t  bumii^  charcoai, 
"Urften  it  is  covered  by  a  very  thin  cott  Of  white  ashes,  Which  fre- 
)^eflrtly  adhere  toft  when  it  lias  been  some  tiine  ij^ited  ;  and  It  had 
ad^j^ee  cif  bHghtiies«,<abotrt  as'jitrongas  thtit^Mi  v?bith  snch  a 
tjiml  would  be  seen  to  glo\V  in  faint  day^Iighf/ 
'/  All  the  adjacent  pterts  of  the  volcanic  *  mountain  seemed  to  be 
faintly  illuminated  by  the  eruption,  and  were  gradually  ttore  oki 
teure  as  they  lay  at  a  greater  dirtanee  frautbechitcr.  <   . 
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•  Till*  eruption^  resembled  much  that  whiclr  I  saw  on  tlie  4th  ot" 
May,  itt  ihto  y^r  1783 ;  an  account  of  which,  with  many  remarka- 
ble partienlafs  relating  to  volcaiiic  mountains  in  the  moon,  I  shall 
take  an  early  opportunity  of  communicating  to  this  Society.  It  dif- 
fered, however,  considerably  in  magnitude  and  brightness;  for  the 
volcano  of  the  year  1733,  though  much  brighter  than  that  which  is 
now  burning,  was  not  nearly  so  large  in  the  dimensions  of  its  erup« 
lion ;  the  former  seen  in  the  telescope  resembled  a  star  of  the  4th 
magnitude  as  it  appears  to  the  natural  eye  :  this,  on  the  contrary, 
shows  a  Tisible  disk  of  luminous  matter^  very  different  from  the 
;«parkiing  brightness  of  ^tar*  light. 

[Phil.  Trans.  1787-3 


CHAP.  XX. 

OF. THE  TWINKLING, OF  TUB   FIXED  ST ASS> 
.BY  M&«  MlGHELt. 


'JHaving  never  yet  seen  any  solution  of  the  twinkling 
stars,  with  which  I  could  rest  satisfied  *,  I  shall  offer  thi 
which  may  not  perhaps  be  found  an  inadequate  cause  ( 
pearance ;  at  least  it  has  undoubtedly  some  share  in  p 
especially  in  the  smaller  stars. 

It  is  not,  I  think,  unreasonable  jto  suppose,  that  a  single  particle 
of  light  is  sufficient  to  make  a  sensible  impression  upon  the  organs  of 
sight.  Upon  this  supposition,  a  very  few  particles  of  light,  arriving 
at  the  eye  in  a  second  of  time^will  be  sufficient  to  make  an  object 
Tisible,  perhaps  not  more  than  three  or  four ;  for  though  the  im- 
pression may  be  considered  as  momentary,  yet  the  perception,  occa- 

*  Some  astrdnomers  have  lately  adopted,  as  k  solution  of  this  appearance, 
the  estreme  minuteiiest  of  the  appaireDC  diameters  of  the  fixed  stars,  which, 
they  sapipose,  most,  in  consequence  pf  this,  be  intercei^ed  by  every  littl« 
mote  that  floats  in  the  air;  but|  that  an  object  should  he  able  to  interoept  a 
star  from  us,  it  must  be  large  enough  to  exceed  the  apparent  diameter  of  the 
star  by  the  diameter  of  the  pupil  of  the  e^e ;  so  that,  if  the  star  were  a  mathe* 
I  pointy  it  vHist  B^n  be  equal  ia  size  to  the  pupil  of  the  e^e. 
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-fiioiMid  by  k«  is  of  a*  bmmIi  kmgtr  durliticm :  that  tufficMnlly  appetri 
from  the  well-known  eiperimeotjjf  a  lighted  body  wbirlcfl  round  id 
a  circle,  which  needs  not  make  many  revolutions  in  a  seeondj  to  ap« 
pear  as  one  continued  ring  of  fire.  Hence  then  it  is  not  improbable^ 
that  the  number  of  the  particles  of  light,  which  enter  th/e  eye  in  a 
second  of  time  even  from  Sirius  himself,  may  not  exceed  three  or 
four  thousand  ;  and  from  stars  of  the  second  magnitude,  they  may 
therefore  probably  not  much  exceed  an  hundred.  Now  the  apparent 
increase  and  diminution  of  the  light,  which  we  observe  in  the  twlnkr 
iing  of  the  stars,  seems  to  be  repeated  at  not  very  unequal  mterval^ 
perhaps  about  four  or  five  times  in  a  second:  why  may  we  not  then 
suptpose^  that  the  in^ualities,  which  will  naturally  arise  from  the 
chance  of  the  rays  coming  sometimes  a  little  denser  and  sometimes 
a  little  rarer,  in  so  small  a  number  of  them  as  must  fall  upon  the 
eye  in  the  fourth  or  fif^li  part  of  a  second,  may  be  sufficient  to  ac- 
count for  thb  appearance  ?  An  additiott  of  two  or  three  particles  of 
light,  or  perhaps  of  a  single  one  upon  twenty,  especially  if  there 
should  be  an  «qual  defideney  otit  of  tfte  Mi^  twenty,  wbuld  I  sup- 
pose be  very  sensible ;  Aim  seems  at  least  probable  from  the  very 
great  difference  in  the  appearance  of  stars,  whose  light  n  much  less 
d^rent  than,  I  imagiue,  people  are  in  general  aware  of;  the  light 
of  the  middle-mpst  star  in  the  tail  of  the  great  Bear  does  ndl/I 
think,  exceed  the  light  of  the  very  small  star  next  to  it,  in  a  greater 
proportion  than  that  of  about  sixteen  or  twenty  to  one ;  and  Moo« 
sieur  Bouger  tells  us,  in  his  Trait6  d'Optique  before-mentioned* 
that  he  finds  a  difierence  in  the  light  of  objects  of  one  part  in  sixty* 
six  sufficiently  distingubhabk. 

ft  will  perhaps  be  objected,  that  the  rays  coming  from  Suiiis  ai^ 
too  numerous  to  admit  of  a  sufficient  inequality,  arising  from  the 
common  effect  of  chance,  so  frequently  as  would  be  necessary  to 
prodtice  this  effect,  whatever  might  bappen  in  respect  to  the  snaller 
stars ;  but  till  we  know  what  ineqnali^  is  necessary  to  produce 
this  eflfect,  we  can  only  guess  at  it  either  one  way  or  the  other ; 
there  is  however  another  circumstance,  that  teems  to  concur  in  the 
'  twiokting  of  the  stars,  besides  their  brightness,  and  tbis  is  a  Aaugt 
of  cokMir*  Now  the  rad  and  blue  i«ys  bemg  very  muci  fewtr,  I 
appiehend,  than  those  of  thie  Intermediate  colours,  and  therefore 
much  more  liable  to  inequaHty  from  the  commoa  efi^  of  chance, 
may  help  very  much  to  account  for  this  pheowwipom  a  small 
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er  defect  iu  ekber  of  these  making  a  very  sensible  di£fareiice  in  die 
colour. 

It  will  now  naturally  be>  asked^.wby  tb^  frequency  of  the  changes 
of  brightness  should  not  be  often  much  greater,  as  well  as  some* 
times  less,  than  that  aboYementioned»  ai^d  why  the  interval  of  the 
fourth  or  fifth,  or  some  such  part^  should  he  pitched  upon,  rather 
than  the  fortieth  or  fiftieth  part  .of  a  second,  or  than  a  whole  se* 
cond>  Sec  for,  according  to  the  length  or  shortness  of  the  time  as- 
spmedp  the  chan^.  that  yf'A\  naturally  occur,  from  the  ^fC^ct  ^f 
chance,  will  be  smaller  or  greater  in  prcfKMrtion  to  ^ach  otbel:.  The 
answer  to  this  question  will,  I  think»  tend  to  render  tlie  above  .solitr 
tion  more  probable^  as  well  as  to  throw  a  good  deal  pf  l^bf,  ufM^i 
the  whole  subject.  The  lengths  of  the  times  then^  be^eea  the 
changes  of  br^htoess,  if  I  am  not  mistaken^  depend  upon  the  dm^ 
tion  of  the  perception  before-mentioned,  Qccasioned  by  tl^e  impr^ 
sioQ  of  the  light  upon  the  eye,  than  which  they  se^m  to  h^  n^ithv 
^uch  longer  nor  shorter.  Whatever  inequalities  fall  within  a  pu4i 
shorter  time  than  the  continuance  of  this  perception,  will  necespanigr 
,b^  blended  together,  and  l^vc  np  effect,  but  as  they^ooippse  apmt 
of  the  ^hole  mass ;  but  those  inequalities^  wbicuh  fall  in  such  a  man- 
ner as  that  tbe>  may  be  assigned  to .  intervals  nearly  aqudl  to»  or 
soinething  greater  than  the  continuance  of  this  pecc^liofv  ifriQ  \^  m> 
divided  by  the  imagination,  which  will  naturally  foUoac,  and  piak 
^them.out  as  they  arise. — Phii  Trans.  IJGJ* 

N.  B.  The  li^lit  of  th^  stars  appears  to  the  naked  eye  to  be  jtfieffdfy 
white,  being  too  ^nt  to  excite  the  idea  of  a.  particular  og^l^f^  \  ,b|it 
,wheo  it  is  concentrated  by  Dn  Heischel's  large  specnlimi%  i|'be«» 
comes  in  various  stars  of  various  hues ;  and  indeed  to  the  Jinked  i^e 
some  of  the  stars  appear  a  little  redder  and  dlhers  a  Httfe  Uusr. 
The  cause  of  the  twinkling  of  the  stars  does  not,  aAer  all|  af^pear  |o 
be  fully  ascertained :  it  is  referred  by  other  philoso|^herf,  and  with 
some  probability,  to  changes  which  are  perpetually  takmg  place  in 
the  atmosphere,  and  which  affect  its  refractive  density.  It  is  said 
that  in  some  climates  where  the  air  b  remarkably  serene^  the  stars 
have  scarcely  any  appearance  of  twinkling.— £i£/on 
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Jh  OR  the  pheubmena  of  twilight,  we  are  principally  indebted  to 
tlie  light  reflected  by  the  atmosphere ;  when  the  sun  is  at  a  certain 
'didtaute  only  below  the  horizon,  he  shines  on  some  part  of  the  air 
imiiie<lni!elv  visible  to  ns,  which  affbrds  us  a  portion  of  reflected 
Kght.  Thie  distance  at  wrhich  this  may  happen  has  been  variously  ^ 
'estimated/  and  it  is  perhaps  actually  different  iit  different  climates^ 
being  a  Uitlie' greater  in  countries  near  the  poles  than  in  those  which 
wre  neater  the  equator;  there  is  also  sometimes  a  secondary  twi- 
'Ugbt,  whfcn  the  parts  of  the  atmosphere,  which  reflect  a  faint  light 
'vm  the  ^hrth,  are  themselves  indebted  for  this  b'ght  to  ah  earlier  re* 
^flection.  Soriie  have  assigned  18*"  as  the  limit  of  twilight,  and  on 
tlm  supposition,  allowing  for  refraction,  the  atmosphere  must  be 
'^eapiible  of  reflecting  sensible  light  at  the  height  of  about  40  miles. 

*  Mr.  Lahibert,  on  the  contrary,  makes  the  limit  only  about  6^^.  The 
-duration  6f  twflight  is  greater  or  less  as  the  sun  moves  more  or  less 

obliquely  with  respect  to  the  horizon ;  it  is,  therefore,  shortest  neat 
the  time  of  the  equinoxes^  since  the  equinoctial  intersects  the  hori« 
xon  Veto  obliquely  than  any  lesser  circle  parallel  to  iU-^Young*s 
iSTai-'PAtf.  Vol.  I.  p.  26. 

*  The  limit  of  visible  twilight  Id  when  the  sun  is  6    degrees  below 
the  faorhson.    lu  order  to  finid  the  time  when  the  twilight  is  shortest, 

'  ms  Rad :  Sin.  Lat. : :  S.  6*  23*.  S.  Sun's  declination,  south.  Lambert 
'  Photemetria,  sect.  SSJ.    Schroter  asserts  that  Venus  has  a  twilight 
<^iilore  than  A^-^Ueher  die  Venus,  4to.Enfurt,  1793. 
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CHAP.  XXIL 

aKN£BAL  ASTRONOMICAL  BEMARfS. 


Fixed  Stars.    -  r  •     «  .. 

It  is  impossible  to  detemuue  exactly  the  distance  of  any  of  the 
fixed  stars  from  the  earth ;  yet  we  are  nevertheless  able  to  draw 
Aome  conclusions  tliat  may  tend  to  illustrate  their  prodigious  re- 
moteness. 

1.  The  diameter  of  the  earth's  annual  orbit,  which  contains  at 
least  160  millions  of  |piIeS|  is  but  a^  point  in  comparison  of  the  dis- 
tance from  the  nearest  star,  which  is  supposed  to  be  Sirius  or  the 
pog*star»  At  least  this  star  must  be  upwards  of  SoOO  times  more 
remote  than  the  sun:  for  if  a  star  should  appear  through  a  tele- 
scope half  a  minute  broad,  which  is  a. pretty  sensible  magnitude, 
the  true  apparent  diameter  would  not  exceed  1 8"*  3  minutes,  which 
IS  less  than  the  six  thousandth  part  of  the  apparent  diameter  of  the 
sun ;  and  consequently  the  sun*s  distance  cannot  be  one  six  thou- 
sandth part  of  tiie  star's  distance  from  the  earth. 

2.  Could  we  advance  towards  the  stars  ninety-nine  parts  out  of  a 
hundred  of  the  entire,  and  have  only  one  part  remaining,  the  stars 
Would  appear  scarcely  larger  to  us  than  they  do  at  present ;  for  they 
would  show  no  otherwise  than  they  do  through  a  telescope  which 
magnifies  a  hundred  fold. 

3.  Nine  parts  at  least  in  ten  of  the  space  between  us  and  the 
jfixed  stars,  can  receive  no  greater  light  from  the  sun,  or  any  of  the 
stars,  than  that  which  the  earth  has  from  any  of  the  stars  in  a  clear 
night. 

4.  Light  takes  up  mow  thne  in  travelling  from  the  Aearest  star  to 
the  eartli,  than  our  sailors  in  making  a  Wes^t  India  voyage,  which  is 
ordinarily  performed  in  six^weeks.  Sound  would  not  reach  us  from 
the  same  distance  in  fifty  thousand  years  ^  nor  a  cannon-ball  in  a 
much  less  time  ?  which  is  easily  computed  by  allowing,  according  to 
Sir  Isaac  NewtoB>  ten  niinutes  for  the  journey  of  light  from  the  sun 
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to  the  earth ;  ^nd  that  soudcI  travels  at  the  rate  of  about  thirteen 
bimdred  feet  io  a  second.— MiscellaDea  Cunosa^  Vol.  I. 

f1am8tead»  Phil.  Traos.  IJ^Ol*  colyecturts  that  he  had  found  an 
annual  paralax  of  4(y^or  45^';  the  polar  distance  being  greatest  in 
June.  Casdiufy  A.  P.  1717>  makes  the  apparent  diameter  of  Sinus 
several  seconds;  this  however  is  denied  by  Halley,  Phil.  Trans. 
1720. 

Supposing  Saturn  to  reflect  one-seveath  of  the  light  that  falls  on 
hioi,  and  to  be  equal  ip  brightness  to  a  star  as  large  a9  the  sud»  tb# 
distance  t>f  the  star  will  be  4^5100  times  as  great  as  that  of  the  snu^ 
and  its  apparent  diameter  Kf^  16^^.  Hence  we  may  assume  the  dis- 
tance 500000«— Lahibert  Photometria. 

Michell  observes,  that  a  star  of.  4»00  time^  the  diameter  of  the 
sun  ought  to  recall  the  particles  of  light  from  an  infiuite  distance^ 
and  thinks  that  a  sensible  effect  might  be  produced  by  a  star  2^ 
times  as  large  in  diameter  as  ^he  sun :  the  attraction  of  the  suq 
oiight  to  retard  it  4^4^^^^^  io  an  infinite  distance.  The  fight  of  a 
star  of  the  sixth  magnitude  is  to  that  of  the  sun  as  one  to  a  hundred 
billions.— -Phil.  Tram.  1/84. 

Some  stars,  if  sU  remote  from  each  otiier  as  Sirius  is  from  the  sun, 
should  be  4200Q  times  as  far  off  as  Sirius.  At  this  distance  Sirius 
would  be  scarcely  visible.— A  cluster  of  5000  stars,  scarcely  visible 
as  a  mass  by  the  forty-f^t  telescope^  must  be  above  eleven  millions 
of  millions  of  millions  of  miles  off. — Herschel,  Phil.  Trans.  1795; 
1800. 

Barker  produces  five  authorities  to  show  that  Sirius  was  formerly 
reddish,  and  even  redder  than  Mars/and  proves  that  it  b  now  white. 
-^Pbii.  Trans.  1760. 

Grarcin  observes,  that  at  Bender  Abassi  tn  Asia,  where  the  air  is 
very  pure  and  dry,  the  stars  have  a  light  absolutely  fixed  and  free 
from  twmkling.    A.  P.  1743.— Young  Nat.  Ph.  II.  5^1. 

Humboldt,  by  means  of  diaphragms,  in  HerscheFs  manner,  has 
g^ven  the  following  as  the  comparative  brightness  of  various  star?. 
Surius  1,  Canopus  98,  *Centauri  95,  Achemar  9*,  a,  Indi  50,  j3  47^ 
a  Toucan  70,  a  Phcenicia  65,  a  Pavonis^S,  aOruls  81,  /9  75,  /  58l 

Euler  makes  the  light  of  the  sun  equal  to  that  6f6560  candles  at 
i  foot  distance,  that  of  the  moon  to  a  candle  at  7|  fect^  of  Venus 
to  a  candle  at  421  feet,  and  of  Jupiter  to  a  candle  at  1620  fettt 
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iMtly  fio«t  Bousiiev'a  eiperiiBeali.  Htict  Ibt  nm  worid  awflr 
like  Jupiter,  if  removed  to  laiOOO  tunes  bit  prastttt  di8laiioe«--*JaeBi». 
Bed.  Acad.  I^^  

Lambert  regards  the  Milky  way  as  tbe  elliptic  of  tbe  fixed  6t«i«0 
be  thinks  tbe  greati^r  stars  belong  to  the  sohur  Debula,  and  that  Ibe 
other  n^bube  are  coof4sed  together  it)  tbe  milky  way^-*.FbotoiM- 
tria,  §  1139. 

Herscbel  (Qoqjectures  that  the  mSky  wny  is  the  projectioD  of  4Htf . 
nebula,  and  that  the  sun  bas  a  motion  towards  its  node  near  Ce- 
pheus  and  Cassiopeia,  1784.  In  a  circle  of  15^  diameter,  588  stars 
weft  counted :  if  Ibeae  w^re  at  equal  distances  in  a  cone,  tbe  length 
of  Uie  cone  must  have  been  497  times  their  distance.  From  ca|ca«^ 
lations  of  this  kind  a  figure  of  the  nebula  is  drawn,  showing  a  sectton 
passing  thipugh  its  poles  at  right  angles  to  tbe  line  of  tbe  nodes.' 
Tbe  fight  ascension  of  the  pole  it  186*>  its  polar  distance  58*  ;1785. 
~Phii.  Trans.  1784—1803.  Young's  Nat.  Phil.  II. 

In  1705  Dr.  Herscbel  found  600  stars  in  a  circle  •f  15'  m  dia* 
umler.  Phil,  Trans.  1795.  He  traced  out  a  variety  of  double  stars, 
vhicb  be  al  length  followed  up  to  tbe  number  of  fif(y*  Cassint 
^rified  this  discovery  of  Hertcbers,  but  differs  a  little  at  to  tbe 
oolour  of  these  stars,  and  enquires  whether  they  may  not  be  sateU 
lites.  ^.  P.  1784.— Michell,  m  like  manner,  coiyectures  that  somit 
stars  may  move  fonnd  othcn.— PhiL  Trans.  1784. 

.  Sun. 
The  spots  on  the  sun,  many  of  which  are  ts  large,  and  some  five 
er  six  times  as  large  as  tbe  diameter  aftbe  earthy  were  first  disco^ 
vtftd  by  Fabricius  of  Wutemberg  in  idil ;  but  their  nature  baa 
been  a  source  of  perpetual  eontrovcfsy.  Derfaam  regarded  them  atf 
elottds  it  volcanoes,  allerwards  beooming  saeiilae.  Crabtrie,  as  early 
as  1040,  described  them  as  exhalations  like  clouds.  Lakiude,  and 
various  others,  believed  them  to  be  mountaias;  Wilson,  in  opposi^ 
lion  to  Laknde,  asserted  Ibem  to  be  excavations.  Herscbel,  Phil; 
Trans.^  1795,  represenU  tbe  sun  as  an  opaque  body,  probably  inba* 
bited,  covered  with  an  atmosphere  in  which  clouds  of  a  lumiaoiis 
natter  are  floating,  and  the  spots  as  intemiptk>ns  of  these  clouds. 
He  believes  .them  to  exist  in  two  ftrata,  of  which  tbe.npp^r  only  it 
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ImniaoiMy  and'  the  ooder  stcatam  «n  inlerpoiilioo  to  ptottd  that 
body  of  the  Mia  from  the  lunuBow  beat* 

lu  Phil.  Trans.  1801,  Dr.  Uerschel  codeavours  to  abow  that  the 
variation  in  the  heat  of  different  years  is  owing  to  the  more  or  less 
copious  supply  of  fuel  in  the  sun,  and  that  it  is  this  fuel  that  consti- 
tutes his  spots 

The  motioo  of  the  son,  accompanied  by  the  whole  solar  system, 
has  also  been  mmiHauied  and  doubted  of.  Mayer  suggested  that  it 
takes  place  towards  the  corona  borealis.  Prevost  adopted  the  same 
id^.    Lichtenberg  was  sceptical — Herscbel,  id.  p.  332. 

Planeis. 
1  There  is  a  material  difference  hi  the  calculation  of  different  phi- 
losophers as  to  the  surface  and  temperature  both  of  the  primary 
and  secondary  planets  that  belong  to  the  solar  system.  Thus  in 
Chapter  XVI.  Mr.  Baity,  in  his  synopsis  of  La  Place's  Exposition, 
bas  calculated  the  proportion  of  light  and  heat  existing  in  Mercury 
at  rather  more  than,  six  times  and  a  half  the  mean  light  and  heat  of 
the  earth ;  the  light  and  heat  of  Venus  at  nearly  double  that  of  the 
earth;  those  of  Mars  sometbiog  less  than  half  tlmse  of  the  earth  ^ 
those  of  Jupiter  more  than  a  third.  Dr.  Young,  on  the  eontraiy,' 
has  estimated  these  powers  prodigiously .  higher  for  Mercury  and 
Venus,  and  considerably  lower  for  Msyrs^  Jupiter,  and  Saturn.  His 
words  are  as  follows. 

**  Of  Mercury  we  know  little  except  the  length  of  his  year,  which 
is  shorter  than  three  of  our  months.  Supposuig  all  our  heat  to 
come  from  the  sun,  it  is  probable  that  the  mean  heat  on  Mercury  is 
above  tliat  of  boiling  quicksilver;  and  it  is.  scarcely,  possible  that 
there  should  be  any  point  about  his  poles  where  water  would  net 
boil.  The  sun*s  diameter  would  appear,  if  viewed  fimn.  Mercuryt 
more  than  twice  as  great  as  to  us  on  the  earth*        . 

"  Veuus  must  have  a,climale  far  more  temperate  than  Mercuiy» 
yet  much  too  torrid  for  tl>e  existence  of  anunals  or  vegetables^  ex« 
cept  in  some  circurapolar  part^ ;  her  magnitude  9pd  diurnal  rotation 
differ  but  little  from  those  of  the  ea^th^  and  bei;  year  is  only  one 
thhrd  shorter;  so  that  her  seaspiis,  ^nd  her  day  m^^  night,,  must 
greatly  resemble  ours.  T)ie  earth»,wbe|»  in  op|»psitiou  to  the  sun« 
jnust  be  about  four  times  as  bright  as  Vewis  ^ver  appears  to  us,  aod 
must,  therefore^  always  <^st  a  shadow.;  it  must  be  ftfiqueuUy,  aad 
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(MBrtiaps  geh^Mly,  Tbible  fnf  t^  da;  y  afad  t<^^er  with'tbe  thool^ 
litiist  eifafbit  a  very  intiei««titig  otijeet'  The  aiu^spfaere  of  Vekius  fs 
supposed  to  be  nearly  i&e  bat*  Owii/  or  somewhat  more  rare. 

**  The  cliraate  of  Harris  as  hiuch  colder  than  ours,  as  that  of 
VeDus  is  warmer ;  m  otber  reii^bts  ttie^  is  bo  very  ^nkmg  dif- 
ference :  Hie  inclination  of  his  axfs^  his  ecl^c  lieing  oeady'the 
same  as  that  of  the  earth^s  atis,  the  chan^es'of  ^ei»ons  must  be  nearfy 
tkt  our  own.  Dr.  Herscfad  has  obttrv^^a  t^tant  4ppeaniuce  6f 
two  bright  spots  or  chrcles  near  th^  poles  of  Mars/ which  he  attri* 
butes  to  die  ice  and  snow  perpetually  sitrroi^ddfhg  them.  It  i$  not, 
boweyer,  probable  that  water  ootild  remain  fluid  In  slny  part  of  Mar^» 
wiA  even  quicksiWer^and  akohol  would,  perbai^,  b^  frozen  in  hts 
temperate  climates.  It  is  prMy'<»ftaitt  that  Mars^as  an  atmo* 
^here,  and  bis  dark'  spoils  seeni  tii  be  occasbned  by  clouds :  tfafs 
atmosphere' may,  perhaps,  also  be  the  cau^  of  the  ruddy  hue  of  bis 

**  It  appears  to  be  doubtful/ whether -either  4^  th^  three  Hftle 
planets  newly  discovered  can  be  sufiicientiy  soHd,  to  give  a  firm 
footing  to  any  tnaterial'  beings :  we  ishould  prob^ly  weight  only  a 
lew  ponndreach  if 'trKn^ited  there.  ^^Cbtdlng  to  Dr.  H^Vchers 
<ypinion,  neithln'  Ceres  Itor'  Pallas  Is  much  tor^r  ^an  a  good  Sdotcli 
estate,  although  tKty  ntibt,  sdiMimes,  appear  to  each  other  as 
phmets  of  a  most  respectable  size.  The  l^t' reflected  from  Ceres 
is  of  a  more  ruddy  huie'tfian  ^f^  Palfats;^  both  of  these  phmefs 
are  attended  by  more  or  less  of  a  nebulosity,  proceeding,  perhaps, 
ftom  copious  attnospbere^ ;  fk^'ia  thb  r«q)ect,  as  weU  as  in  the 
greaf  inclination  of  th^  orbits^  they' appear  ta  have  some  aflbity  to 
comets.  It  is  fderaliiy  eertlkiii  that  ueiAier  of  them  h  200  mites  in 
Ameter;  and  Jnno  is  also  probably  about  the  same  site. 

«<  It  IS  obvibiis  that  Hi^tnost  strftingfeatmres  of  tlie  heavens, 
nAen  contemplated-  tnfttk  Itapiter^  liftoM  be  the  divernfled  ppinttons 
and  combfaiations  of  his  ^tSdHtes-:  Ibeir  light  must  be  faint,  but  yet 
af  service :  and  to  a  traveller  on  tlttf  surfiice  of  this  vast  globe  they 
nust  aflbrd  useful  lnf<MDition;  as  well  with  respect  to  thne  as  to 
place.  Our  little  earth  must  {MnbaMy  be  always  invisible  to  a  spec- 
'tetofi^ltaated^n  luflfefV  oa  aceouat  of  te  apparent  proximity  to  the 
san,  in  the  same  ijiamier  as  a  ptaaet  s(l  half  ibe  distance  of  Mercury 
woaM  be  iuvinble  to  as.  The  year  of  Jopiter  must  contain  nearly 
ten  tkonMuid  cMis  days«  and  that  of  Silum  ribnost  thirty  tbonsaad 
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volviof  found  Satonif  bit fjof  mmU  i^fordt  udi&c^t  parts  of  bis 
surface,  Yeiy.4ivf  nified  i^ipefinmces  of  ma  jpiif.<^t  Ittmjtto^yjwdwf  > 
stretched  across  the  lie«vciis»«speciaUy  iutbifi  ^/mitfhf^mbkh  is 
m  the  ^nic.skte,  of  Ike  jtkif  iiftWbill^  swB» 

/«  Froqi IbeOefMgittQ pbunit  the sHHiiQiist  be iKse?  bvt  as«  VMJe 
star/nol  oae  buadoed  wA  fiftieth  psrt  «s  bcybt  9s^be  a|ip$m»  to  »• 
The  luus  of  thtt  pbipfel  beioig  iNcobaMy  onr  tp  ^  |4«iie  of  it^ 
tic,  it  aii^  be  direc))^  twice  jo  the  jieir  tflor^rdi^  tim  tm^  wi  th(t 
limit ;<^  iilnroiiiytjwfr  nynsf  ,iy|y<iicb.  to:^  eytfUor,  so.tfai|t'«laMist 
evei^f  place  oo^is  syfac^  must  somtgtiroey  y^jnyiVi  fog  jt  great  wioi* 
ber  of  diunii4  irevoltttioiis»  m  lig^  imd  in  daituifiss  f  4be  moit  pu^ 
derate  climates  bapFtog  one  J%bt,  in  tbcir  Iqpg  year,  tqusA  m  d««a- 
li^  at  least  to  several  of  our  jFi^ils:  aad  k  iiMpi;  be  ii^pfr ssed  that 
this  planet  woiild  ?fi9Ed  bitt  a  comlbtttess  bibitatiw  tp  tboseaq* 
customed  to  our  sommer  sttiishioe»  even  if  it  were  possiUe  toicolo* 
»iae  tt/'-^Yopi^'s  JNat  P^U  VoU  I. 

In  this  diffi^reoee  of  fistiosatioii  ine  indioa  t^  ib^l  of  Mr.  fit^ey.  8p 
ia  Chapter  XVPLi.we  haveakeadyobserv^  tb^t  Dir^Herschel  hf/t 
disproved  tbo^o  enomoiM^^iiountiiw  onlbe  siifftce  of  VJe^a^vhich 
Schroter  jieovaded  iumself  be  hud  dctaiptpL.  •.  iovufi  astro^Moif^ 
^aye  o^casio^ajjgr  ^iqppc^  that  Ib^  b«IF^.dipcp?ered  a  satellite  at* 
tendjiQt  upoo  Venus ;  for  ao  acoMiBtof  .firbicb  tjie  jnead/^i^inay  torn 
to  Mr^  Shoi!t'apver>  Phik  Tn^^4^a»#lid  Bpde%  Jfab^Hich,  1777 
ai)di;78» 

Jnlitoipaimtt^Scbijo^^Tcak 
ifoiir  thousand  toises^  or  iicady4vf  aqjik^ 
l%ht  of  racb  a  natiui.  jis  ]to  iodigUe  w  ntaovi^ 
toises  high.  PULTiW*  ir«9*    Sdu^r/  PhjiLMtaf.XV«   Btf. 
Herschelf  on  tht  f^iitaaqr,  at  we  bi|ve,a)rfad]r  notiofNl  in  Cjhaptet 
XiX.  makes  the  JojUest  mountains  bi  tbt  fnoott  01%  a  iv^^ 
quarters  high^  and  found  Um  wt  no  •sig^i  of  a  lunnr  i^mosphfie^  in 
aneclips4«    Theqi|»pt|Oiiof  aantmo^phwi^boiyiefor,  issiWiP#» 
unsettled  state,  though  it  |s  nonr  iwifoma^*  arimlHed,  tkitif  tte 
moon  possess  one  at  ^h  it  is  of  mi  entrant  i^teonnted  naM«^' 

Biccioti  however  odenbHedtiio  b^ghl  <o|  Ihe  JwiarinaBitiiuslo 
be fiir  superior >>tbon^  ^Sekoter*  andjijas^nHMied  i&'ldsjfhyJ^ 
Heyeliuv  as  Schcotev  hat  bfen  by  H(prsdiel  Tliesa#stmioinir> 
nfected  todiyi^k  Hf^  Vmm  mowntain»-into«gntar  iwimh  ^^ 
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flMi«^4Mi»fwii  ^!iiKW^te?^  o^r  wa  ^ehe.  ,  D^tniii  bis 
tfmBmw^^4mp^Qt  Ibw  4ittit«Blgwvfif;tiw^iipou  thMe  fob* 

Mt  to»^;  IhH  •oMiidiiv  t#  M$jmmeld9m»  ^fyfmami  it  but  aff 
«Mte%  tb(i  \9Ktf»  1]|«    ^H^noii  «^]|iit.mt^  of  «WP  fiK^isb  feet  io  a 

coBHdmog  1m>w  mib  Urn  nmmM  tmtimn^  wf^,  that  I  owBot 
imtrtitiak  tint  <|iUg«iit  imhoh*  wi^i»i4lilBtii  in  bis  measure^  and 
Ibat.OK  cQBV«lali69iof  Hpvvrtia^  who,  as  be 

jKaaaaabl#«i4uqr  mtuH  ^md  sad?  MMfc  acomatt  and  diUgent  ob« 
aennitioiMof  *thenQoirti4vi|  th«pi  imOflftiii^^sf^did^  so  was  nioie 
likel3^.lo  cim^mmee$i  tbolMir  AodbyMf  i^(#<«iai^  the  highest 
•UHa  in  tht4i|C|p«  aie^^iH  ^Oi^t  ^-tft  a  Oeom^iailf,  and  some  of 
tbem  bat <^v^»  and  Bmtt^jM^tkw^wl^filiii^^  Aodem^^ 
ikriac  tbe  bulli  of  tba  aiMi  to^iatof^tki.vaKbt  these  f^  gpieat 

*  ^* AfNi-as  ttir  hwaraawstabitjamof  pradiffiosiieii^ts^  so  wufj 
•f  tbH»:l«0'0f  #Mil  OKlflll*  'J^iffiiiiamfaiostba  lunar  Taurus  fo 
mieb  to  t;a  Oemao  laiieij  Mcmit  S^pber  IM;  and  the  lunar 
Afwanne  above  100  Oerauwf  mlies.^ 

.  <'19iotii9bo«to  nwaiaKft  the  beigbt  of  Ihe  uioualains  of  the 
k  is  oot  difficolt^  nor  ufiqertiun.;  which  is,  by  observhig  the  diy* 
!  between  the  distant  golden  spotSj  at  their  fint  appearanae 
(iflwtb  iie.tlii  tppg  of  hiUs>>a<ri«tbft  anlifi^t^Hif^>  pert  of  the  jw»u 
Wbidi  distanto  miy  be  ,€on»pm!^  ^yaak^f^or  any,  other  eqml 
fwts»  Jnta  mW^  we  ow  unagiu^  ^  mooii'f  diameter  divided. . 
4iveL  Seianopr,  ch«  $;  OaUtin  Nna^«;Sidei;.IIt  Mi^^BUcdoUiUni^ 
<4lflpt«  L^4»e*$«  Sebol* 

^  On  the  edfla  of  the  umo^,wim^  ia  Qiat  jihe  souj  f.  could  nam 
.l^aaoeive  with  osj  best  g)asseasw>t^ltaftsigQ  of  a  mountain,  $ut 
.ill lobe  eaaOly  level  aod  amoatlv  O0I9  indeed  there  are  some 
mttma,pimm9A>rgif^fmtmm  m4  unevranesses  on  the  limb  jcaused: 
hpiPWOimi  csptdaUy  when  Ihe  aiqof  is  near  the  horiaon,'  and  in 
iNndf  land  i pit  olheiK:  weatb^»  A|  which  thnes  the  motion  of  the 
air  aiMla9poniam»kea  apieltgf  ^mpationand  rolling  like  waves  on 
Ihi m$mf§  M^ . phMi  have  Ihe  aiipeaiance  of  moving  mountaini 
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aAd  vaiHhs.  'MtbH  the  fifiikisittf 'HM^;  IT  flir  foM  {NirriM  «f  lib 
darkened  partdf  the'mooii  txtvndii  beyoMd-flle  tiitigftlltmnlpwt, 
mouotams  may  t^^  iminlfeslljrlMi'disGeraedi  exat*tly  resemlMi;  oofl 
oo  the  earth.  A  few  hoars  before  and  after  the  full,  I'hsTe  witfi 
pleasure  seen  the  appearance  df  eonsiderAble  moddtains  and  bai^v. 

^ Tliese alonel  condehre are  the  «idUntahi»  whieh  the'^itMlMt 

Hevetius  speaks  of  in  aeverriphicesafhfcgelendgiiiphyv  plitlkfulafyy 

in  his  answer  to 'Betlldds,  alid>fllt&«rperi|»itetic8»  in  ch.  9/p.  149» 

'  who  denied  that  niountikins  conM  hie  In  the  mooni  as  vr^H  as*  many 

other  things  discovered  noW  by  the'tdeiscope.** 

There  has  been  fhe  same  dMibf  nnpecfing  the  iiioon*s  possession 
of  seas  aiid  rivers;  the  sp^ts;  piti'of  c^iftes<^erTable6n'lierfese» 
'  having  in  many  instaiMM  beMi  regarded  ns  seas  from  a  very  early 
period.    Thus  Plutarch,  <in  bis  book  2>e  Bute  in  Orbe  Lunse,  at 
the  beginning,  cites  it  as  Clearchns's  opihiony  ^Emrat.tif^ii^iTW 
Bivat  xai  fi^coXa  -nj;  jxsyaXif^  e^\di^^\  i.  e.  •*  Tbat%bat  is^ailed 
'the  foce  of  the  Moon,  «re  the  iMageft  nmd  appetfanets  of  «  greiit 
sea  in  the  moon.**    And^  about  lli«  %iMdi«  of  that  tract,  Ts  i^»f«i- 
yofisyov  'Tbti  'it(oov)ff.   L  e.  **  As  to  that  4iite  whidi^appean  in  liie 
^moon:  as  our  eanb  hath  cerCrtD  large  bays:  aowe  conceive  the 
moon  is  overspread  with  laife  hollow»  iittd  vuptuits;  cmlaliiDg  wa- 
ter, or  a  thick  air,**  mto  wbidi  the  s«ii«beiusiftidis  Aol  able*-to«nter» 
whence  no  reflection  is  produced  by  Ihem.^        '  *     ' 

One  of  the  best  abridged  descriptions' of  the  genendehttreet^r  ot 
the  moon  winch  we  have  hitherto  met  with,  is^  the  foDdwingf  ^  Di. 
Young,  .     ./ 

*'  The  moon  perferms  a  complete  sidereal  revolatlsii  itf  si7  diys 
7|  hours,  and  a  synodical  revolution,  during  vrfaiebebevetmiis  to 
the  same  position  wHh  respect  to  the  earth  and  sun,  kk  W^hys  I9| 
hours ;  a  period  which  constitutes  a  lunation,  or  a  lunar  month*  Her 
orbit  is  inclined  to  the  ediptic  in  an  angle  of  a  little  mov^tlMui  fivis 
^degrees,  but  this  incfinatfon  is  KaUe  to  great  variations?  thephee 
of  its  nodes  is 'als6  continually  changing,  their  motion  being  som^ 
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wn&am.    Vnm m  tmiwti0nmn0t^vmitMu,€bm99$imi$  imHh  the  i 
Mdcntf  liwaiMa  mttdM^  of  the.nofM  it.foiiod  late  sootwhai  ic« 


tioa,  aad  iiie  |MumI  of.her  lolatioii.i&pitciidjr.eqwil  to  te  mem 
period  of  hur  Mitttotion  JKNiad  Ibo  mxA;  lo  thai  rile  alwaj^  fire* 
seals  lo  lit  IheHffiMiMMliiMi  of  .burfwrfMOy  oxocptkig  Ihe  apparent 
Jlbmliont  pMoced  bj  btr  oneqml  vokKAiet  lo  her  orbit>  and  by 
ilw  poMtftra  of  hef  aaift  idMi  k  ladined  1'' 4^  to  Ibeoc^^ 
aomelipBee  at  iBiieh.a$r7^lobcr  oim  ofbil*  .Uer  distaaco,  fem 
the  eitflhif  about  MOQOO  mlea;  bar  dian^or  ifV  af  that  of  tbe 
«iilhr  ocdlSOaMleB;  a^.tbe  w«%bt  of  bo^iei  at.bersurfiiceif 
aoppoeed  lo  bo  aboHtoao-fiAh  of  tbair  weigbt  at  Ibe  aaiftce  of  tbo 
ita'rthii- 

'Mlie  eaiftiee-of  tbe  oMMNipais^rto  ui^wben  vieired  witb  ale- 
lescope,  a  gicat  divenky  of  ^|[lllt  aod  8bade»  Ibe  priae^ 
wfaieh. are  YttiUe  even  lalheaabed^»  Many  of  tbeee  ineqoalitice 
tm^aUa ¥eiyalrangly Ihaefeelaof voieaooet;  aevendai^oooBieia 
luwelnMglDfedtiwtihey  hate  seearokaaoesadttalfy  burning  in  the 
4inenl{gbt«itd  iMet  ief  tba  phaati  aadtSNr.HarMheri.inetrumettto 
,bave  enaUedbtn  teobiua  aatMM^  endtaoe  of  Ibe  tialb  of  Ibe 
•ooAJMuie*  Tbe  ewptarinrff  of  a  p^orMiaa»  wbioh  Ultoa  eappoaed 
tbatheobaenred  oeartbrnMigbi<^.thanoonVdMb»io  aa^r  edq[Me» 
fhatbeeaattobaledhytoiie  ea  a  aokteonotwal^  bnming.  Dr.  Hal- 
Ief  aadlfei  Weidler  baxft  aboobeecucdflasbee  of  li|^  o^  Iba  dads 
pari  of  Ihe  vhkhii  conrideiably  rcieadHing  tbe  eAets  of  lig^lnuig. 
*Tbe  faei|^  oft.tiie  hnarrnounlaiai  faaabew  oamaoalyjuppoeed  lo 
^cead  ipery  eoaiMeriMyi  IhaiOf  the.  moaalaini  of  Ibe  earth  i  bat 
,ilf.iieniMtievof  opiaiftordHit  noaeofflh«aiave«ofluu^asliio 
wBesbigb.  Sbetawi^  wbiob  baTobeea jiaBabjrastioaonienIo 
<iFaHottsp«rtaoftheinooB?j4iaft€ei  are  of  aome  utility  in  the  obieN 
TitfiQii  pf  Ibe.  pMiresi  of  ia  celipeeb'' 

^^11»iabafailanli  of  Ibe  wooi^  if  Ibe  aaooa  be  inbabilad,  mirt  be 

^capriiboflifia§«albTeirylMkaiK^aiid.le« water.  Tbeieititaioalo 

4iiBHhek#%»oiphfM»  k«  Iba9  a  laik  hi|b,  aad  k  is  M^^ 

/ailhat3thesaa:niaat.abiae.fritl|0»t  iatanaimottliHra  whole  fort- 

.a^o»M»«^M^'ip^«^Mtka^ldsl^^^^         by  Ibe 

biierpoiiiloit  of  nb^  ofcJiy  AoiofupfonKtioiiof  moiabife^ .  The  want 

..  yf  wntii.iai4b#  i»ioai  i»  not»  mnm  ,him^$U9fmi»  ihg  nccfuaiy 
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cbMiqwcfaceirf  tiie  »WBrt  <if  MB  iiiawj|iiiiw ;  btt  it  it  Urfeti gd  [irtrtly 
frMn  the  lotti  ilwtilca*of4ioud%  and  fMctly  from  tfM>ini^|id^  tp» 
pearance  of  the  mifgui  of  the  moon,  ts  seen  in  a  sofanredi^ ;  a^ 
fHtftof  it  being  teromristedbyftUtte  sidlhii  iitij  tegulnrto  nfiow  ns 
to  rappoee  it  the:iwA»t  of  » llnida  Tbn  j^aitb  ranife  aiMi]^  wpptn 
f!f>4Kmpjtina^ihi^umtfMi34Mik  tky,  or  rmber  to'cteidiibe  n 
iBistt  oval-  #iWt  roondarfinrtfeidnr  iMinr»  eypowng  li  tniiMe  IS 
tinieaa8gitala»tiiatof<lie»ooiinp|warstou9:  TbiftbfgeMMtee, 
inqpended,  wMl  ph^es  cdntimudly  tbanging,  like  those  of  the 
omta,  «Mist  aflbcU,  esp^eoilly  when-  ^wed  wilb  a  telenope,  an 
exeeK^nt  timepitee ;  tbe  continents  md  ieae  eoSming  gradmillf  tfiid 
f^gnlarlj  iato  view,  and  aflbrdhig  a  variety  eqnaify  pleasing  and 
wefaK  To  ns  dueb  a  timepieoe  would  be  of  inestimable  itelue,  as  St 
would  afford  us  an  easy  method  of  discovering  the  longitude  of  a 
fhlte,  hy'tmnfM^  its  mbtlbb  'aiWi  tba  sotar  tteie;  but' in  the 
noofl/tbe  rtAativ«posilion  ^tbe  tkrtk  and  snn,  or  of  the  eatth  and 
atars oidy,  would  h€  svdBcient .A>r  determinitag  tbesltoatiov of  any 
place  ki  sight  of  tbe  autb  r  iff' however  there  are  no  seas  and  no  nai> 
vigatkm,  astranprnacal  obseffvatioas  of  tUs  kbMl  wMd  be  of  voiy 
tttle  iitMiy.  the  asustiMiJse^  of  tha  earth's  phases  U  the  nieisnfo> 
Vlei^of  thha  might;  beaiatet^stiB  be  very  nsefnl,  fbrtnany  purposei, 
to  tbr  tehabftUts  of  thwtiearet  balf  of  the  moon ;  and  pri^bty  the 
itmoter  part  is  mneb  deserted,  ftr  bi  their  laog  night  of  half  a 
aMbtb^  they  most  be-extvemdy  kt  want  «f  the  %bt  leAectsd  fioib 
4ieeirth;imk8i  Ibe  inlmblliMila  have  tbe  ftcolty  of  sleeping  throng 
Ibe  whole  of  tbdb»da#fcibHliigbi;  Hie  sarfbee  of  the  tnooa  ap. 
pears  to  bo  veiy  roekjr  dud  barrsn,  and  Uabla  to:  fio^pient  fi^ 
ifoHttncea  Mm^vokandee;    11^  supposed  to  imgeet 

aoaoe  of  Ibeir  contents*  wMna  iii4  reaeb  of  the  eartb'tfalbactioa, 
arbfah H^riaigNI  eMHydo,  iltb^y  coikM  tbroarttham  out vrM  ave- 
loeity  oPadiioat  itigbt  tbobsawd  ftet  in  a  second,  which  is  only  four 
times  as  great  as  that  of  a  cannon  balf^  and  these  stones,  Mlmg 
^tfutMigh  tbe  atiiiosphen>  mi|^t  very  p06^y:genevate  so  nmch  beat» 
bf  oampressmg  the  ahr»  as  ao  caoas  th^  appeavaneeof ft«y  meteor^ 
tad  to  Ml' bs  aetata  aC  igriMbfli^  Tbir  apj^eamice  of  the  moon,  as 
•viewad  tfaraii|^  m  good  talakdpa.  Is  eiitnmieiy  weUindtaMlif  Mr. 
Ra8sd% lonair |^ob«^  wbicbiaafco capsMe otexMbifii%,  wWH  giaat 
aMsciMey,  tbe  lAmnges  pvodtN^  by  Itv  MbiationsE;^ 
Th»  Mdia  fihidrte  varfter  'efbfft  tbe  fbHcNrittg  lisasd  lemaAs 
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tlm  ca^  m^imuivhPvAm  tht  tamw  MtotMB(»  in  wbfeli  diqr 

gjAck^MT  Uie  friaaet  i«^«fiiliQiu»r)^fi«ccNriisg  tfttb»4iwatiD<B  and  Urn 
oomfatatif^  valafitiat  of  Ih^  wmi^mfitifmi^  •  If  tba«Mii  wra  at 
t^timloSmm  plaat to  nftnU  appiar  ^  baiaMioB«y  wbaR  tbqr 
wat<)begicataitylaagatfeao<:aaittIardwtaii^ 
<pa€cpttolrQftha  «&ci  ^ftjbe  taitbff  jnaliiMi^  Vaoiia  b  alationaiy 
i^.iin  eloagalioB  of  about  29%  while  ber  ^paatest  eLni§atioD  k  bt*^ 
tfitmU'*wd4^\  The  tpseatatf  aha^ioii  of  Meicw«y>  ui^acfc 
ueTob^tk^  ii  fipai  281**  lo  I7i%  acmodiiii  to  the  poailioa  of  bl& 
orbit,  which  is  very  ecoeatiia*  Ail  thaie  a|ficawat>f 3  are  jj^gtrntt^ 
the  mmt  a^.if  the  son  actnaUy  levolvfdDomd  Ibe  earthy  and  the 
i^apeti  acjcomptn W  bim  iobi$  orbit^peffonniag  at  the  saaM  timer 
tticir  8^fnl  i^«l«tioi|$  i^und  hiai;  atd  the  path  which  woalfl 
t^i^V  d^ieicil^jn  tbf  btanwiv  md  which  is  of  »  keloidal  jnatuia^ 
repv^ieots  coneotl^  the  Unit  peaitiosn  <lf  the  pbMaeto^with  Mapeotloi 
l^e  earth.  Theappareotafigidwdttmtaiiafi^ 
UtUude  of  the  pbuietttf«l«o||real^orleai»iMcardia8l^ai  thoeaftb  . 
is  i^ieiver  o%i[eaiot«r.  .to  the  phaiat^ia.weUitf  acmnlnigto  the  laci^ 
oatpopi  pf:  ito  orbitt.aad  itsditlP4M.  &a^ 
;  <<  The  mrioae  mptacMoci^of  the  illaarinated.  iSaa,  tipr daily  of 
^in^nrpor  plaiie|i»  oaid  the  imiata^theae  plaoali  over  the  smbw 
4n^  on  .their  pasilMia  10  their  oabitvMdoQ  the  pboet  of  the 

jplanel^  are  so  t/^mot^  in  foaipariioii  oi  tho  aaith^ki  diitao^  fteaa 
tbejiuH  .that  thtyiaBpeatiahaayafaMy.  illmninatid.  Venisiihiighiteat 
^X  ^a  elongitiQQ  of  about  4Xf  bom  the  .soa^  in  tfaiit.  pari  of  lier 
oi:bit  which  is  oeaiBist  to  the  earth;  she  then  appeals  like  the  noes 

%sh^ow^4AaQreTen  be.feea  inlboday  lMnetiaonr^ttBales»  if 

4ie  ^j^yftaafp  b».fwr  etioug^ norths  a  cMffU 

opoein  about  6  yeais»  ,  lo  oi4er  thai  tbcae  'O^y  bo  a  Haosit  of 

V<#M  ^rerthf  imbibe  iMt  he  witiiin  tbe4istaBBf  li}* 

1^  the  tine  of  flWi||unelia%  oAhtiwiie.she  wiH  jpim  aithca  to  Iha 

nortb.ge  »» tlyi  iPuHi  pf  the  suabjiif  iri  #f  bq^fipwaihartoiy  iatw^ 

posed  between  buo  and  the  earth. 

O  4 
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•:Tbe  fHuam  iaJ  tcHyw  ial  A»*  Mtoea  -mm  ftty  dfcpvioaaij  owkg  to 
Hie  Mme  cauaci ;  that  |Nurt  of  iJle  jbom  onIji  on  mMdb  ¥nte  ma' 
fbinet,  being  Uioiigljr  ttttfcaiaiiM;  aWwigh  tlMB  MtiuoiBg  part  is 
ImAy  raibloi  bfimmm  dMwligM  itAMtei  on  it  Ami  tke  mM  ; 
it  itr  thavefoM,  usit  warily  mm  war  Ike  tfnie  eftkt  new  niooa» 
vtenitlM  .fPaatett paitof  the -«aitt/t  surface  tomed  towaMb  the 
■MOB  !•  ittaMinaML  The  parts  of  the  moon  iMth  are  innnedi^ 
a*rlf  o|^)QMd  to  the  earthy  apfiaf  to  iBKlergo  «  Khration,  or  change 
of  <itiialion,  of  tiro  hs-is,  ehch  aaii  uaiing  to  ahoatt  7^k!gKees;  the 
oneaiiiiag  Atom  the  weqoalitf  «f  Ibe  mooa^s  reloeify  in  her  orhit 
aidUbMt  thMesi  tbeolbsr  fioni  the  imdioatioffof  the  atis  of  her 
folalaM  to  her  orbit;  besides  these  ebangeft,  the  cKomal  ratetkm  of 
the  esttk  may  furodocci  to  a  specttitiiM*  sHaated  on  some  parts  of  it^ 
ft  thiNl  kind  of  UhmtiDii,  or  a  ehangeof  abnost  tiro  degrees  in  Ae 
lypaMHiee  of  tile  Moett  ftt  her  rising  add  setth^. 

^*  When  the  bmoo  pasass  tkt  co^aoetien,  or  beeomes  new;  near  to 
thenode»  she  ecUpses  die  sa09.aod  when  she  b  full,  or  hi  opposMtniy 
in  similar  circaiMtaoces,  shtt  hendf  antess  the  earths  shadow.  The 
earth's  shadow  eoasiits  of  two  part^  the  true  shid^w,  withbi  which 
IKMM  of  the  sun's  sorftee  « 'visMe,  and'the  penumbra,  which  is  de- 
prired  of  a  part  oidj  olibe  iMin%  i]^  ;^the  true  shadow  forms  a 
oaMttiMioatihgtn  ft  faint  at 'ft  IMIe  more  than  8f  times  &e  mean 
ditencebf  the  moon;  Ae penntabn,  on  theeentniry;-conltihi«e9, 
logather  with  the  shadow,  a:portion  of  a  eoae  diierging  from  the 
onrth  withoiit  Jiaait ;  birtito  only  eftwt  of  tUawpeifect  shadow  is, 
that  H^^ftosts  the  beganiag  of  ft  fauar  ecGpM  tobemeqiabie  of 
ecfypMeiMdetemoMnalsafti  fertile  Itasilefthe  darimned  part  of  Oe 
Moom.as  k  appears  JB  the  pMgMS'of^he  ecHpss,  isthat  of  the  true 
shadow,  a«ry«little.enlaq^d  bythe  peMumhM>  The  taie  shadow, 
«h«e  tlMmooneroisesit,  is  isboutW  mfamtM  in  dimeter,  as  seen 
Jrom  the  emth,  white  thenmon  hcvself  is  oaty  8a  This  shadow  is 
Mt,hDwever,  whetty  deprived  ofihe  s«i%l%ht;  Ar  the  atmosphenc 
MfsastkNiimAacto  the  light  p— hig  neaitst  to  the  emth,  m  an  angle 
of  i66  oiMMites,  and  eauaw^ft  gmat  paitef  the  shadow  to  be  filed 
with  light  ofaruddyJwe^  by  means  of  whieh  tiie  moon  tenuwis 
still  fisiUe  to  us^  the  ^oonec^totid  darimemexteiMiai^  to  somewhat 
has  than  two^tbiMft"^  ^  taeon*e  distaMa.    ftrt  it  bm  tomettees 

hap|ii?nad»  paahably  horn  theeffirt^  ciandli  otmpyiiig  the  grsaiest 
nailof  miff  atnMiniiaieft  that!  the  mora  Jms  tamihrdbannmaad. 
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mAmmmm  tfaeit  mMt,  whitber  tbe  svn  of  moon  siibtends  IW 
fWSltBtMgbatsieiifrafiitlieMitb;  skiee  it  theiriiieM  dastftnees 
Hhbot  ipfrnmll  dianclMft  are  mA  about  halfa  degree.  If  tbe  emi'i 
afipareiit  diaiMler  k  tbe  greater^  tbeeeii|Me>  ivbea  tbe  eeateeseobi- 
^de^  nuit  beamMdar,  tbe  margui^^  tuo'e  disc  beiog  HtH  vfaflrfe 
ia  Ibe  fetn  oC  a  ru^i :  wbea  tbe  uMMa'e  afipareot  dbHMter  k  greater 
tbaa  tbe  tas'^  tbe  edipse,  if  eeatial,  become  total:  bttt^Hiariag 
of  iNaeygbtii  ieea rottod tbe  d»e>wfaicb  bai been  attiflbaledto^* 
oftet  of  the  soo^e  atlM0iphere«  sinee  that  of  tbe  laoon  it  prebaMy 
too  iaoaondefable  to  produce  tbeappearanee :  a  red  ttreafc  is  rfso 
iijMWtimii  observed  at  tbe  nsargin^  befone  tbe  actual  emersioQ  of 
tbosuB. ,  Tbe. degree  of  dariuuss  depends  oa  tbe  iitaatioii  of  tbe 
plaee  of  obeervatioa  adtbia  tbe  slttdow^  on  aoeooiltof  tbe  greater  tnr 
less  illarobiatioBof  tbealaMspberewitlmi  viear;  sonsetbBesacon* 
iiderabieiioadMHr  of  Stan  may  be  seeo  daring  a  total  eclipse  of  tbe 

i  "tt  is  obfioaedMtySiDeO'dMeartb  is  nueh  burger  tbau^inooii^ 
tbe  wboie  sbadowof  tbe-moou  will  only  past  ever  a  patt  of  tbe 
eaitb's  sariaee ;  aad  tfaat  oo  solar  eclipse  eao  be  vbMeio  tbe  whole 
of  tbe  beaaispbere  tamed  to  tbe  sun:  white  lunar  ecMpses,  on  the. 
€oiitcaiy,fiesent  tbesaoM  appearance  wbene^er  tbe  mood  is  tisiblt; 
la  the  same  anoaeiv  to  a  spoetator  ontbe  nBooa»  an  ecMpse  of -the 
cpiibv  or  a  tnasit  of  the  laooi^e  shadow  ofor  tbe  earth's  diie^  woM 
lM|vo.Beailytbasapae  sppiiiame  wbentvtr  benngbtbosMioaad; 
batanedfiBO  of  tbaean^by  tbe  earth  wooM  be  letal  to  that  part  of 
the  UMMii^s  sacibee  oidyraddeb  toasappcait  dark  at  tbe  saais  tisae» 
•  ..^.Hie  anonli  aedesiasiivo  rmy*  acaily  at  tbe  saaM  situation  wkb 
sespast  to  tfaejeartb  afte  Ota  laaatfoa%  or  roipolatiotts  of  tbe  dMon^ 
iibiehMieparfonnediaiaysarf  of  3(tedaysoadiy  15  days,  7  bourse 
and  4$i  nunutes;  so  that  aArr  a  period  of  about  IS  year»»ttese* 
ries  of  edipset  reoaauneoces  nearly  .m  tbe  same  order.  -  This  eir^ 
cumstancewasdMfvedby  tfaa^aMinili,aiid  U  mentioned  *by  Pto^ 
kmgi  mi  by  «bqr.  Wheo  the  tiM  noon  bappeai  wMda  7f  *  of  the 
Aoda»  these  amsiba  abuBur^osiipse^  and  there  may  be  an  eclipse  at 
4he  distaaee  of  ly  ftaaslhe  node;  An  eclipse  of  the  smi  may  happen 
jwhia  tbe  MBOP  thnnji^  or  names  mta  ceiyunethm  wMittaesao^at 
aay  distance  wilUn  IH*  of  the  nodSr^  Tbe  mean  mmbei' of  odipftea 
vbifiboesttrmayeaf  isaboul4;  andtbem me semetimss as ampy 
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tbal  tbec^  nay  a^  be.  e¥«B  oii«  luaar;    In  jpcflliing  of  the  j 
Iu4e  of  tli«.p«rt  o(  llm.s«A  ormooii  •dppitdL  it  i»^aiiMl,t»  < 
the.  whfik  .diamet^ii*  diirided  into  tweU«  pfttti».eiiUeA  digit«»  < 
Qf!wbic^  jcoouiaa  tbirtjf  ounvlea;  tbiis  if  onttfiftb  {Nivt of  tbe  dpK 
m^ter.wfjve  darkj  tbe  extent  of  tbe  ecUpsewoiikLbe  GaMed24%ite 

«' Tbe  QiQoo  travels  tbioiigh  thebtilveQiiiitbaiaffii^o^Qatiiiylt 
tbeir,amaycnt  dionial  letointioiu  fleoce  s)ie  iJMf  aiad  aet^mi  a» 
sifenige». about  tbree  quai^is  of  ap  bour  later  ^ery  day..  Xte 
least  pgwible  difference  betivevm  tbe.tioieftof  tbeflMMii'amigiQB 
two  succeMive  days  i>i  in  Lqndon*  17  JUiniiteyF;  and  tbia  atamk% 
ilafioe  qccun  opce  in  about  l^yean^  itUcbi.ii  neatly  tbe  pemdof 
^moon's  nodes  vitb  setp^ctto  tbe beaven4;.tbe  fieatesi  powblo 
ijiffu'ence  it.l  ^iir  17. miniileii  BntitlnvV^ui  eweiy Jtto^  tbat 
the  diflerence  becoiQai gf^^  vid  le»  by  tttQU^and.wJben tfcekasl 
difference  is  at  tbe  time  of  tbe  full  nioon»  it  is  usually  called  .tbs 

at  tbejainebour4))ntiioioccc|sding,diq^  .  ,  . 
.  "  Tbe  eclipses  of  tbe  satellites  of  Jupiter  eibibit  ifipeanuMW  ex« 
tr?pie^  inleresMnf  for  their  utility  in  identiQriiV  the  aane  imtaal 
of  tispft  jn,diffi|^ent  places*  On  account  of.the small inaitMatioii  of 
tb^^  orbi^  to  libe  plane  ofJopileifs  orl^t^tbe  fiol  thiee  never  pais 
^  shadow  ii»m»i^t  bein^plniiged  inio  il,  and  the  fawth  but  ad* 
dqm;  wbile.tbose.jof  SatmnaienuiGfa  less ^fiwupif ntly  UaMota  bi 
edipsed^  on  acoonnt  of  tbck  foeaier  dtratioA  ftoin  Ae  pl^ 
ecliptic  These  mtdbles^afe  idso  jfimfaort^;  hMdas  bdMKi  the 
j>9dy  of  the  phmetj  and  this  ciitTnBistattnr,.oqisrit.ntes  anoeedta* 
t|Q9&{  hence  it  bappemtiH^  we  ean  neierjwe  both  Ae  i«nienienrf 
tlie  first  satcUite  into  the  diadowr  of  Jupiter,  and  its  emenko  ftoM 
it;  but  both  Ibe,  iminersie««nd  eoMttion  of  the  three  outer  sald^ 
J^tes  art  sometimes ohsenfable.  Tberuig^oftatnmexhibiisafaiiBly 
pf  foigis  9cc;oiNling tci  its  angnlar  position ;  it  djaappeaia  tocon^ 
P9i|  ohaervntM  «hai  either its:dige  op  ^  dadi  side  ia 
^  us ;  hutilo-Ihw  Heiscbelfa  tPleaoBpes  Jt  j 
M^  lig^rafleeted.  ftem  tbephmetlMMfpreh^ 
ivmatingiin^aome  measure  the  side  Mt  expoaed  to  tfa»suB^  diiM 
j;9iy8^Kat»Pl^yiri<Lp.5S7»    .  i 
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'  Fti  ft  ieM^dHpte  ef  the  mo;  1$  fiby,  1)^06,  a  streak  of  1^  wai 
olil«nr«d  1^  4Nr7'^btfeietlie  siui*8  disc;  tieace  Fhamtead  infers 
a  hntfir  atnoi|rtieTt  ^iv^  ^  ^^  moon^s  dkoseter  in  height ;  but 
Du8  migbt  Have  biten  from  oWque  reflection.— PbiL  Trans.  1706. 

Daring  a  total  eclipse  of  the  moon,  TJUoa  observed  that  there 
ipa»a  great  appearance  of  l%fat  round  the  moon^  which  seemed  to 
be  agitated^  and  esutted  rays  to  the  distance  of  a  dhuDDeter ;  it'  was 
veddish  next  the  moon,  then  yellowish.  Stars  of  the  first  abd  se^ 
eond  magnitude  were  seen,  those  of  the  first  for  about  4  minutes; 
A  miaate  and  a  quarter  before  the  emersion,  a  small  pdnt  was 
iMMe  near  the  disc  of  the  moon,  from  the  ruddy  colour  of  the 
Mght,  4e  ring  isrderrcd  to  the  moon*s  atmosphere;  the  qx>t  to  a 
fissure  in  the  inooafs  substance.  Such  a  fissure  must  have  been 
above  40  miles  in  depths-— PhiU  IVans.  1779. 

The  Egyptkns  reckoned  by  years  of  965  days;  Hipparcbus  and 
fMeiny  employ  the  same  nsethod.  In  AJ>.  940,  the  first  day  of 
Ae  E|[yi^liatt  year,  was  the  first  of  January ;  another  Egyptian  year 
began  dl  Deeemb^r.  In  the  new  stik,  10  days  were  omitted  ik 
l&M;  before  this  time,  each  century  contained  30,5^  days.-<> 
Bahteon;  * 

IVrfidd  Ihe  prime  nnmber,  sometimes  called  tl»  sokr  cycle,  add 
9  and  dMdeby  28;  the  indkstion,  add  3  and  divide  by  19,  Ad<(l 
1 1#  tfe  ye«r  and  divide  by  1^,  the  remainder  is  the  golden  niimber, 
take  I  Irom  ttie  golden  namber,  mQltii>ly  by  1 1,  and  divide  by  db, 
Ihe  renttittder  ii  the  epact,  or  tile  moon^s  age,  on  the  first  of  Janu^ 
«ry.— -Kalaadcb 

In  a^ion^mical  taiBgnage,  1  Jn.  1805,  fi  o'cloci  AM.  n  ISM^ 
Dact  Sid.  }8h.«^Lichtaabei^ 


CHAP.  XXUI. 
a74Ba  yjfsiBXB  i^  houno^,  incluoino  all  op  tbe 

.MEaX  A^I>  aCCONP  MAOIIITU0S. 

AYhbh  a  spherical  suHace  has  be«i  projected  on  a  plane,  it  has 
been  usual  to  consider  it  as  viewed  firom  a  particular  point,  either 
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kJmUkfy  rcmMe,  us  in  Iht  orftegri|)Mari'pro}ectioD,  oriitOBted  ill 
IIm  oppofite  sufifiee  of  the  spbcie*  as  wfke  ilertdgnipMictl.  Hm 
latter  method  produces  the  least  distortion,  and  is  the  most  com** 
monly  used,  but  even  here,  at  the  extremittts- of  the  hemisphere/ 
the  scale  is  twice  ds  great  ^s  in  the  middle.  Sometitnes  another 
principle  is  employed,  and  the  heml^here  is  divided  into  segroeats^' 
by  omitting  portions  in  the  directions  of  th^ir  radn,  as  if  the  paper 
Yvere  intei^d  to  be  fixed  on  a  globe;  and.  in  the  same  form  as  if  a 
qrfiericid  snrfiice:  wcare  cat  in  the  direction  of  its  meridians^  and 
spread  on  a  fdane^  ,  If  the  number  of  these  division^  l>e  increased 
without  limit,  the  resnit  mil  be  the  projection,  which  is  empfoyed 
in  the  drcolarpart  of  thb  dmgram,  and  in  the  same  inanoer  the 
aooe  on  each  nde  the  equiitoctialy.  being  cut  open  by  innumerable 
divisions,  so  as  to  be  spread,  on  a  plane,  will  coincide  with  the  two 
remainiug  portions.  By  these  means  the  distortion  becomes  incon- 
siderable. In  the  common  ^erebgraphical  projei6tion  indeed,  the 
distortion  would  be  of  no  consequence,  if  it  represented  always 
those  stars  only,  which  are  at  once  above  the  hoiiion  of  a  given 
I^ace,  for  we  actually  imagine  the  stars  ip  the  zmntb  to  be  much 
nearer  together,  than  when  they  are  nearer  the  horizon,  and  the 
picture  would  nppeBx  to  agree  v^  well  with  the  orchid;  but  theur 
positions  being  conthiually  dianging,  the  inconvenience  remains. 

It  IS  not  however,  necessary,  m  projections  of  the  slan«  to  refer . 
them  m  any  instance  to  a  spherical  surface.  Among  Dopplemayei^ 
charts,  published  at  Nuremberg,  there  are  six  which  represent  the 
sides  of  a  cube,  on  which  the  various  parts  of  the  constellations  are 
represented ;'  the  eye  being  probably  supposed  to  be  situated  in  the 
centre.  Funck  and  others  have  reprinted  the  stars  as  projected 
on  the  inside  of  two  flat  cones.  But  the  most  convenient  rq>reseot« 
ation  of  this  kind,  and  which  would  approach  very  near  to  the  pro- 
jection here  employed,  would  be  to  consider  the  eye  as  placed  in 
the  centre  of  a  hollow  .cylinder,  so  proportioned  that  all  the  cuv 
cumpolar  Mars  should  be  represented  on  one  of  its  flat  ends,  and  all 
those  whicii  rise  and  set  on  itk  concave  surfaee;  or  if  it  w^re  desired 
to  have  a  division  without  referring  to  any  psnrticulir  latitude^  the 
circular  part  might  extend  tojthe  limits  of  the  zodiac^  and  the  pa* 
faUelogram,  into  which  the  cylinder  unfolds,  might  comprehend  fH 
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tlie  stars  ta  wkWi  tbe  fihaels  appvoadi.    Tbe  hoctioii,  asd  otiiar 
gnat  eircksy  woald  fcrai  ines  of  various  and  contrary  conpatitffei^ 
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CHAP.  XXIV. 

ON  TH£  FUTURE  rROORBSS  OF  ASTRONOMY. 


Idrqu  tlie  iMreeediog  obicnralkNis.  it  liai  suflkieiitty  appealed  tfiat 
tile  immtft«»  globe  of  the  toil,  the  focus  of  all  the  motions  of  the 
hearenly  bodies*  let olves  upoo  its  axis  in  twentj^fiva  dajs  and  a 
h^*  Its  surface  is  covered  with  an  ocean  of  laninotts  ma^er, 
whose  active  effervescence  forms  variable  spots*  often  very  numer- 
ous#  and  sometimes  larger  than  the  earth.  Above  this  ocean  exists 
an  immense  atmosphere,  in  which  the  phmet^  yith  their  satellites, 
move,  in  orbits  nearly  circular,  and  hi  planes  li^  inclined  to  the 
ediptic  lonumerable  comets,  after  having  iqpproacbed  the  sob» 
rejnove  to  distances,  which  evince  that  his  enqnre  extends  beyond 
the  known  limitf  of  the  planetary  system.  This  ItHninary  not  only 
ai^  by  its  attraction  upon  all  these  globes,  and  c<mipels  tbam  to  move 
around  him,  but  imparts  to  them  both  light  ai^  heal ;  his  benigD 
influence  gives  birth  to  the  animals  and  plants  whichcover  the  snhkce 
ot  the  earth,  and  analogy  induces  us  to  believe,  that  it  produces  simi- 
lar effects  on  the  planets ;  for,  it  is  not  natural  to  suppose  that 
ajitter,  of  which  we  see  the  iecondity  develop  itself  in  such  vai$as 
whys,  should  be  sterile  upon  a  planet  so  large  as  Jupiter,  whjcbi 
li^e  the  earth,  has  its  days,  its  nights,  and  his  years,  and  on  w^ch 
observation  discovers  chuiges  that  hidicate  very  active  forces.  Abii« 
farmed  for  the  temperature  which  he  ei\joys  upon  the  earth»  could 
p^U  according  to  all  appearance^  live  upon  the  other  planets;  but 
oi|ght  there  not  to  be  a  diveruty  of  organiiation  sutol  to  the  varioas 
t^peratures  of  the  gbbes  of  this  universe}  If  the  difference  of 
elpnents  and  climates  alone,  causes  such  va^ty  in  the  productipiis 
of  the  earth,  how  infinitely  diversified  must  be  the  productions  of 
'fbt  pUmets  and  tKeir  satellites  ?  The  most  actiye  imagmation  caii" 
not  form  an^  jiisl  ideaof  them,  but  stiU  their,  eiistence  is  igUrenaly 
probable.  .   ,,  !' 

.  However  arbitrary  the  aystem  of  the  planets  miay  be,  there  exiits 
l^ween  them  9oma  yerji;  remarkable  relation^  which  may  throw 
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iMat,  ,afi4  oeariy  in  tbe  amie  ptene,  «U  lb«  satellites  moving  rouiHl 
ibeir  r^^pectife  ylaiieti  in  tbe  Bam«<foecUa«,  and  Hourly  m  tbe  same 
jrtane  with  tbe  planets.  Lastfyp  the  jsiin^  tbe  planets,  and  those 
isat^Uiles  in  whicKa  motipa  of  rotation  has  been  observed,  turn  on 
|h^  qwn  a»s,  in  jlh^  savadiiatfiot^  wd  neiriy  in  the  sime  plane 
^  tbearniotioi^  <of  projeotiQO« 

A  phenomenon  so  extraordinary,  is  not  tbo  tflect  of  dmaee ;  it 
indicates  an  onifcnal  causey  which  baadetemJnedall  thesemotions. 
.To  approiimale  somewhat  totbeyobrtkcgphmation  of  this  cansf, 
we  sboidd  observe -that  the  planetary  Bystem>  anch  aa  we  now  coo- 
aider  it»  is  compottd  of  seven  planetf^  and  fottiteen  sateUkes.  We 
*^ve  observed  iht  rptaliao  of  the  snn»  of  fife  i^anels,  of  the  moon, 
of  Satma'i  mg,  and  4if  his  fartbe«t  sataffite^  these  moHoM  with 
those  of  revolution,  ferm  tog^er  liiiiity  diiKct  movements^  m  the 
aame  direetion.  If  ire  conceive  the  plane  of  any  direct  motion 
mrbatever^  coincidhig  At  fint  with  that  of  die  eielf^tiet  afterwards 
indidng  itidf  Inwards  this  Jasit  plane,  and  passing  over  all  the  de- 
4IM1  of  {ndiaatioii,  fiaam  aim  to  hidf  the  eheumfereoce;  it  is  clear 
Ibat  the  motion  will  bedimet  jb  idl  ito  inferior  Mictions  to  a  hnn- 
•difd  degree^,  and  that  it  willbe  relrogmdein  its  inclinatiou  beyond 
-^bat;  so-thatt  by  tbi  cfaaoge  of  incyaatioii  done,  the  direct  and 
retrograde  motmna  of  the  sctesjfiiem,  can  be  repmsented.  Beheld 
ia  this  point  of  liew,  we  may  reckoo  twenly«fiine  motions,  of  wfaicii 
4bie  places  an  indiMd  to  thM  of  tim  earth,  at  most  ^  of  the  ck« 
cumforence ;  but,  snpposmg  tbehr  inclinations  bad  been  the  effisct  of 
dmoee,  they  wauM  kava  eidnadcd  to  half  the  circttBiference,  and 
tba  probability  lli^  one  of  thani  #ouU  lave  exceeded  tbe  quarter, 
•wioold  be  i-^V^  ^  iitWtW*  It  k  then  extremdy  probobK 
Ihi^  tba  direclion  of  th^  (^anetaryiMotiott  js  not  the  effect  of  chance, 
and  tbb  becomes  sifll  more  pmbablc,  if  we  consider  that  die  incK* 
Mtion  of  the  gmalfst  number  of  dmse  motfons  to  tbe  edipti<^  b 
^resy  sauO,  and  mndiless  than  a  quarter  of  the  circumierence. 

Another  pbcnomenon  of  tfie  aohur  system  equally  vematiaUe,  b 
the  small  ecosntrldly  of  the  orbits  of  theptaneU  and  dieir  lateltites, 
tihile  tfcoai  ^<€omtts  am  much  exitaded.  The  wbtts  of  te 
ayali^  oiler  no  mterimdkte  shades  between  a  great  and  sdndl  eK- 
centridlgr.   V«aaa  hem  again  oompaUed  to  adroowledge  the  effMt 
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of  a  regular  Muse;  chano^  tiotii  coiiM  imI  tnte  given  a  flMitt  neariy 
( circular,  to  the  orbiti  of  aB  tlie  phtntts*  Tbis  cause  then  most  also 
baTe  influenced  the  great  ^centridty  of  the  orbits  of  comets*  aml» 
what  is  ytry  extraordmaryj  without  having  any  influence  on' the  di- 
rection of  their  motion;  for*  m  observing  the  orbits  of  retrograde 
•comets*  as  being  inclined  more  than  lOCfi  to  the  ecliptic^  we  find 
that,  the  mean  inclination  of  4lie  orbits  of  all  the  observed  comets, 
approaches  near  to  lOQPp  which  would  be  the  case  if  the  bodies  had 
been  projected  at  random. 

Thus*  to  investigate  the  cause  of  the  primitive  motions  of  the 
I^aoets,  we  have  given  the  five  foHowing  phsenomena :  1st*  The  mo- 
tions of  i^anets  in  the  same  direction*  and  nearly  in  the  same  plane. 
3d*  The  motion  of  their  satellites  in  the  same  direction*  and  nearly 
in  the  same  plane  with  those  of  the  planets.  8d*  Tlie  motion  of 
rotation  of  these  different  bodies,  and  of  the  son  in  the  same  direc« 
tion  as  their  motion  of  projection*  and  in  planes  but  little  diflerent. 
4th*  The  small  eccentricity  of  the  orbits  of  the  planets*  and  of  their 
satellites.  iHth,  The  great  eccentritily  of  the  orbits  of  comets, 
^though  their  indinatioBs  may  buve  been  left  to  chance. 

Bttfibn  is  the  only  one  whom  I  have>nown*  who*  since  tfie  disco- 
very of  the  true  system  of  the  workf*  has  endeavoursd  to  mvestigate 
the  origin  of  tbe  planets*  and  of  their  satcHites.  He  supposes  that 
«  comet*  in  fiiUing  from  the  sun*  may  have  driven  off  a  torrent  of 
matter*  which  united  itself  at  a  distance*  mto  various  globes*  greater 
or  smaller,  and  more  or  lets  distant  from  this  luminary..  These 
globes  are  the  planets  and  satelfites^  Wluch,  by  dieir  cooling*  are  b^ 
come  opaque  and  solklt  ' 

This  hypothesis  accounts  for  the  fint  of  the  five  preceding  phis- 
.oomena;  for,  it  is  dear  that  all  bocfies  tbua  formed*  must  move 
nearly  in  the  pkme  which  passes  ^h>ug1i  the  centre  of  the  siin*  and 
in  the  <yrection  of  the  torrent  of  matter  wbigb  produces  them.'  The 
.  four  other  pbaenomena  appears,  to  me  ^nexpMoable  by  his  theory.  In 
.£ict*  tbe  absolute  motion  of  the  partides  of  a  planet  would  then  be 
in  the  same  direction  of  the  motian  of  its  centre  of  gravity ;  but  it 
does  not  follow  that  the  rotation*  of  ttts.  pbmet  -would  -  be  Ib  the 
same  direction.  Thus*  the  eairth  mi^  turn  from  west  to  east*  and 
yet  the  absolute  direetioa  of  ea<di,o£  ita  particlet  *may  be  fh>m  east 
.to  west.  What  I  say  of  the  rqtatoiy.  motion  of  the.  planets,  is  equally 
.if)pli€aUe  to  tbcL  motioA  of  tbek  satellites  in  their,  orbits,,  of  whicb 
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the  direction  in  the  bxpothesis  be  ad<y>lt$i  is  not  necessarily  the  same 
with  the  projectile  motion  of  the  i^anets.  * 

The  small  eccentricity  in  the  motion  of  the  planetary  orbits,  is 
not  only  very  difficult  to  explain  on  thb  hypothesis,  but  the  pheno- 
menon contradicts  it.  We  know  by  the  tlieory  of  central  forces, 
that  if  a  body  moving  m  an  orbit  round  the  sun,  touched  the  sur# 
face  of  this  luminary,  it  would  uniformly  return  to  it  at  the  com- 
pletion of  each  revolution ;  from  whence  it  follows,  that  if  the 
planets  had  originally  been  detached  from  the  Su^,  they  would 
have  touched  it  at  every  revolution,  and  their  orbits,  far  from  beinj: 
circular,  would  be  very  eccentric.  It  is  true,  that  a  torrent  o( 
matter,  sent  off  frotn  the  sun,  cannot  correctly  be  compared  to  a 
globe  which  touches  its  surface.  The  impulse  which  the  particles 
of  this  torrent  receive  from  one  another,  and  the  reciprocal  attrac- 
tion exercised  among  them,  may  change  the  direction  of  their 
motion,  and  increase  their  perihelion  distances;  but  their  orbits 
would  uniformly  become  very  eccentric,  or  at  least  it  must  be  a  very 
extraordmary  chance  that  would  give  them  eccentricities  so  small  as 
those  of  the  planets.  In  a  word,  we  do  not  see,  in  this  hypothesis 
of  Buffoi^  why  the  orbits  of  about  eighty  comets,  already  observ* 
ed,  are  all  very  elliptical.  This  hypothesis,  then,  is  far  from  ac- 
counting for  the  preceding  phaenomeua.  Let  us  see  if  it  is  possible 
to  arrive  at  their  true  cause. 

Whatever  be  the  nature  of  this  cause,  since  it  has  produced  o^  .di- 
rected the  motion  of  the  planets  and  their  satellites,  it  miist  have 
embraced  all  these  bodies ;  and  considering  tlie  prodigious  distance 
which  separates  them,  it  can  only  be  a  fluid  of  immense  extent.  To 
have  given  in  the  same  direction,  a  motion  nearly  circular  round 
the  sun,  this  fluid  must  have  surrounded  the  luminary  like  an  at- 
mosphere. This  view,  therefore,  of  planetary  motion,  leads  us  to 
think,  that  in  consequence  of  excessive  heat,  the  atmosphere  of  the 
sun  originally  extended  beyond  the  orbits  of  all  the  planets,  and 
that  it  has  gradually  contracted  itself  to  its  present  limits,  which 
may  have  taken  place  from  causes  similar  to  those  whi(;h  made 
the  famous  star  that  suddenly  appeared  in  1 572,  in  the  constellation 
Cassiopeia,  shine  with  the  most  brilliant  splendour  during  many 
months. 

The  great  eccentricity  of  the  orbits  of  comets,  leads  to  the  same 
result;  it  evidently  indicates  the  disappearance  of  a  great  number 
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of  drbhs  less  eccentHc,  ivhich  ititttiiifies  an  ahnoftph^i^  rouod  Hit 
suDj  extending  beyond  the  perHielion  of  observaMe  comets ;  and 
HKrbicbj  in  destroying  the  motion  of  those  wbich  have  traversed 
It  in  m  duration  of  sueh  extent,  has  re»iHrited  them  to  the  sun^ 
iThuSy  we  see  that  there  can  at  present  only  exbt  svrch  comets  as 
Vere  beyond  this  Kmit  at  that  period.  And  im  we  can  observe  only 
those  which  in  their  perihelion  approach  near  the  sun,  their  orbil» 
mnst  be  very  eccentric :  but,  at  tire  same  time,  it  is  evident  that 
Aeir  inelinations  mnst  present  the  same  inequalities  as  if  the  bodies 
had  been  sent  off  at  random,  since  the  solar  atmosphere  has  no 
fnffuence  over  their  motions.  Thus,  the  long  period  of  the  revolu*- 
fions  of  comets,  the  great  eccentricity  of  their  orbits,  and  the 
variety  of  their  inclinations,  are  very  naturally  explained  by  means 
of  this  atmosphere. 

But  bow  has  it  determined  the  motions  of  revotntion  and  rotation 
of  the  planets  ?  If  these  bodies  had  penetrated  this  fluids  its  resist 
ance  would  have  caused  them  to  faH  into  the  sun.  We  may  then 
conjecture,  thai  they  have  been  formed  at  the  successive  bounds  of 
this  atmosphere,  by  the  condensation  of  zones,  which  it  must  have 
abandoned  in  the  plane  of  its  equator,  and  in  beeomhig^  eold  have 
condensed  themselves  towards  the  smfcioe  of  this  lammary*  One 
way  Kkewbe  conjecture,  that  the  satelKtes  have  been  formed  in  a 
similar  way  by  the  atmosphere  of  the  planets.  The  five  phft»io- 
tnena,  explained  above^  naturally  result  from  this  hypothesis, 
fo  which  the  rings  of  Saturn  add  an  additional  degree  of  proba- 
Wlity. 

Whatever  may  have  been  the  origin  of  this  anrangeaienf  of  the 
planetary  system,  which  I  ofi^r  with  that  distrust  which  eveiythkig 
ought  to  inspire  that  is  not  the  result  of  observation  or  ealculaction ; 
it  is  certain  that  its  elements  are  so  arranged,  that  it  must  possets 
the  greatest  stability,  if  future  observations  do  not  distiirb  it. 
Through  this  cause  alone,  that  the  motions  of  phinets  and  satellites 
are  nearly  circular,  and  impelled  in  the  same  directioD,  and  In 
planes  differing  hut  little  from  each  other,  if  arises  that  this  system 
can  only  oscillate  to  a  certain  extent,  from  wliich  its  d^eviatiou  must 
be  extremely  limited  *,  the  mean  motions  of  rotation  and  revolutiou 
of  these  different  bodies  are  uniform,  and  their  mean  distances  to  the 
foci  of  the  principal  forces  which  animate  them^  aHe  uniform.  It 
seemi  that  nature  has  disposed  every  thing  m  the  heavens  to  iainre 
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tlfedimtioh  «f  ite  sysfenl  by  tiews  siihilar  to  those  which  she 
appi^ii  to  il#  ^  tidrhiiiibfy  to  folfow  uJ[)on  the  earthy  to  preserve  th6 
hMifidu^t  aAd  irtsure  the  petfJ^tufty  of  the  species. 

L6t  us  now  look  beyond  the  solar  system.  Imiuiherable  suns, 
^bfibh  may  be  th^  f^i  of  as  ftiany  plairtJtary  systems,  are  spread  out 
in  '^  imm^ftsity  of  space,  and  at  such  a  (fistatice  from  the  earth, 
that  the  ^tlre  diameter  of  it,  seen  from  their  fcehtre,  is  insensibW. 
MHmy  stars  expericiiee  both  fn  their  colour  and  splendour,  period?- 
cal  variations,  very  remarkable ;  there  are  some  which  haV^ 
app^r^  air  -A  ohde,  and  dbappearerf  after  having  for  sonie  time 
spread  a  bHIIiant  lighi  '  What  prodigious  change  itiust  have  opef- 
rated  on  the  surface  of  tlie^  great  bodies,  to  be  thus  sensible  at  th^ 
distance  which  Separates  them  fronfi  us,  and  how  much  they  mu^ft 
exceed  those  which  we  observe  on  the  surface  of  the  sun?  All  thesfe 
bodies  which  are  b^cdme  invisible,  i^main  in  th^  same  place  where 
they  were  observed,  since  fhcfre  was  n6  change  during  the  tiirie  of 
their  appe^rfAi^;  thei'e  e^tiist  then  in  space  c^^ure  bodies  as  consf« 
dei^ble,  'dhd  perhaps  as  nutn^i'ou^  as  the  stars.  A  luminous  star,  of 
the  same  density  a^  the  earth,  atid  whose  diameter  should  be  two 
liundrM  and  fifty  tidies  lafr^er  than  that  of  the  s\in,  would  not,  in 
toh9e<ju^c^  of  its  attmctfc/h,  allow  any  of  its  rays  t6'  arrive  at  usi 
It  is  therefore  possible  thaft  th^  targest  luihhiou?  bodies  in  the  uni- 
vei-^,  may,  through  l^s  cause,  be  invisible.  A  star,  which,  without 
beinisr  of  this  magniitide,  shdukt  ]^et.  considerably  surpass  the  sunf, 
Wo^id  perceptibly  weak^  the  velocity  of  its  light,  and  thus  augment 
the  extent  of  its  aberration.  This  different  in  the  at>erration  of 
6tars  and  thei^  situation,  observed  at  the  mometit  of  thehr  transient 
^j>fendour,  the  determination  of  alP  the  chattgeabte  stars,  and  thfe 
|!^^cldk:al  varfatvotis  of  their  light;  in  a  word,  the  motions  peculiar 
to  afl  those  great  bodies,  which,  influefieed  fa^  their  mutual  attrac- 
tion, ahd  probably  by  their  primitive  inhpuhes,  describe  immense 
orbits;  sho\ild,  reiiitively  lo  the  stars,  be  the  principal  objects  of 
future  astrOrtonty. 

It  ajp^pears  <hat  these  stars,  far  from  being  disseminated  at  dis* 
ttjft<ies  i^early  e^pialin  space,  are  united  in  variottte  groups,  each  con- 
fiistmg  of  itiany  mtlUons  of  sttirs.  Otir  ^nh;  and  the  most  brilliant 
sfars,  jA-bbably  ifaakepart  of  one  of  Iherse  groups,  which,  seen  from 
the^ohrt  ijvheiii  we  are,  seems  to  encii'cle  the  heavens,  and  forms  the 
inSKy  way.    '^I^he'  giiestt  nuniber  of  stars  Whith  are  seen  at  once  in 
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the  field  of  a  large  telescope,  directed  towards  tlHs  way,  prof^s  its 
Immense  depths  which  surpasses  a  thousand  tines  the  distance  of 
Sirius  from  the  earth ;  as  it  recedes,  it  terminates,  by^esenting  the 
appearance  of  a  white  and  continued  light  of  smaU  diameter;  for 
then,  tlie  irradiation  which  exists  even  in  the  most  powerful  tele- 
scopes, covers  and  obscures  the  intervals  between  the  stars,  k  is 
then  probable,  that  those  nebulae,  without  distinct  stars,  are  groupf 
of  stars  seen  from  a  distance,  and  which,  if  qiproachedj  would 
present  appearances  similar  to  the  milky  way.  , 

The  relative  distances  of  the  stars  which  form  each  group,  are  f^ 
kast  a  hundred  thousand  times  greater  than  the  distance  of  the  sun 
from  the  earth.  Thus,  we  may  judge  of  the  prodigious  extent  of 
these  groups,  by  the  number  of  stars  which  are  perceived  ia  the 
milky  way :  if  we  afterwards  reflect  on  the  small:  extent  and  infinite 
number  of  nebuUe  vvhich  are  separated  from  one  another  by  aa 
interval  incomparably  greater  than  the  relative  distance  of  the  stars 
of  which  they  are  formed ;  the  imi^natiou,  lost  in  the  immensity 
of  the  universe,  will  have  difficulty  to  conceive  its  bounds. 

From  these  considerations,  founded  on  telescopic  observations^  it 
follows,  that  nebulas,  which  appear  so  well  defined,  that  their 
centres  can  be  precisely  determined,  are,  with  regard  to  usy  the 
celestial  objects  most  fixed,  and  those  to  which  it  is  best  to  refer  the 
situation  of  all  the  stars.  It  follows  then,  that  the  motions  of  the 
bodies  of  our  solar  system  are  very  complicated.  The  moon  de* 
scribes  an  orbit  nearly  circular  around  the  earth;  but,  seen  from 
the  sun,  she  describes  a  series  of  epicycloids,  of  which  the  centres 
arc  on  the  circumference  of  the  terrestrial  orbit.  In  like  mannery 
the  earth  describes  a  series  of  epicycloids,  of  which  the  centres  are 
on  the  arch  which  the  sun  describes  around  the  centre  of  gravity  of 
our  nebulae ;  finally,  the  sun  himself  describes  a  series  of  epicj^doids, 
of  which  the  centres  are  on  the  arch  described  by  the  centre  of  gra« 
vity  of  our  nebulsB  around  that  of  the  universe*  Astronomy  has 
already  made  one  great  step  in  making  us  acquainted  with  the  motion 
of  the  earth,  and  the  series  of  epicycles  whicb  the  mopn  and  the 
satellites  describe  upon  the  orbits  of  the  planets.  It  remains  to  de- 
tenninethe  orbit  of  the  sun,  and  the  centre  of  gravity  of  its  nebulae; 
but,  if  ages  were  necessary  to  liecome  acquainted  with  the  motions 
of  the  planetary  system,  what  a  prodigious  duration  of  time  will  it 
require  to  determine  the  motions  of  the  sun  and  stars  I  Observai- 
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Hon  begins  to  renckr  tbem  perceptible ;  an  attempt  has  been  made 
to  explain  them  by  a  change  of  position  in  the  sun,  indicated  by  its 
rotatory  motibn.  Many  observations  are  sufficiently  well  explained, 
by  supposing  the  solar  system  carried  towards  the  constellation 
Hercules.  Other  observations  seem  to  prove>  titat  these  apparent 
motions  of  the  ststfs  are  a  coinbiiiation  of  their  real  motion 
%i^ith  that  of  tbe  son*  Upon  this  subject,  time  will  discover  curious 
and  important  facts. . 

'  There  still  remains  numerous  discoveries  to  be  made  in  our  own 
system.  The  planet  Uranus  and  its  satellites,  but  lately  known  to 
usj  leave  room  to  suspect  tbe  existence  of  other  planets,  hitherto 
nnobdetved.  We  cannot  yet  determine  the  rotatoiy  motion,  or  the 
istteoaig  of  many  4fi  the  planets,  and  the  greatest  part  of  their 
aatf  Uites.  We  know  not,  with  sufficient  precision,  the  density  of  all 
these  bodies.  Tb<:  theory  of  their  motions  is  a  series  of  approxima- 
tiops,  whose  convergence  depend?,  at  the  same  time,  on  the  perfec* 
tion  of  our  instruments,  and  the  progress  of  analysis,  and  which  must, 
by  these  means,  daily  acquire  new  degrees  of  correctness.  By  ac<* 
curate  and  repeated  measurement,  the  inequalities  ui  the  figure  of 
the  earth,  and  the  variation  of  weight  oii  its  surface,  will  be  deter«f 
mined.  The  return  of  comets,  already  observed,  new  comets  which 
will  appear^  the  appearance  of  those,  which,  moving  |n  hyperbolic 
orlMts>can  wander  from  system  to  system,  the  disturbance  all  those 
stars  experience,  and  which,  at  the  approach  of  a  large  planet,  may 
entirely  change  their  orbits,  as  is  conjectured  happened  by  the 
action  of  Jupiter  on  the  comet  of  1770;  the  accidents,  that  the 
fmniimity,  and  even  the  shodt  of  these  bodies,  may  occasion  in  the 
planets^  and  in  the  satellites ;  in  a  word,  the  changes  which  the 
toK^ons  of  the  solar  system  experience  with  respect  to  the  stars ; 
such  are  the  principal  objects  which  the  system  presents  to  astrono* 
mical  researches,  and  future  geometricians. 
* '  Contemplated  as  one  grand  whole,  astronomy  is  the  most  beauo 
^Ail  monument  of  the  human  mind ;  the  noblest  record  of  its 
mtdfigence.  Seduced  by  the  illusions  of  the  senses,  and  of  self* 
love,  man  considered  himself  for  a  long  time  as  the  centre  of  the 
motion  of  the  celestial  bodies,  and  his  pride  was  justly  punished  by 
Ihe  vain  terrors  they  inspired.  The  labour  of  many  ages  has  at 
length  withdrawn  the  veil  which  covered  the  system.  Man  appears, 
»pon  a  small  plaoet,  dmost  imperceptible  in  the  vast  extent  of  th<? 
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•dar  ^9toB»  itaelf  only  fin  imw^hk  ^pmt  la  MM  ifinifiwifer  of 
Jt^p^t.  The  suWiise  rie^ulU  to  pjiMi  Uiw  difc^y^pfy  I^  1a4,  i|i9gr 
4rooaole  him  for  the  limited  |ri<iee  Mmt^A  hm  Mi  tk<^  ipiverte*  I44 
tit  carefully  preserve,  »pd  f^en  ^ugmeiit  the  number  of  Iheflf 
sublkne  discoYerie^,  ¥^kb  form  the  4eiigbt  of  tMokvpf  beiogf . 

They  have  rendered  imponUmI  «erficei  to  mrigHlim  »ud  aatxof 
nomy ;  btit  their  great  b^nei^  bat  been  4ie  baviof  dissipaM  the 
alarms  occasioned  by  extraordinary  celestial  pb^Miomenat  and  de* 
atroyed  the  errors  ^ringing  from  the  ipioraooe  oi  our  true  relation 
with  nature ;  errord  sp  much  the  more  &tal^  as  social  cHder  can  only 
rest  in  the  basis  of  theae  relalioos^  Truth,  Justice;  these  are 
its  imnvutablc  laws.  ,  Far  from  us  be  the  dangeraua  maium,  that  it 
is  sometimes  useAd  to  mislead^  to  deceive,  and  eashiTe  ptnfcmrf, 
to  insure  their  liappiness.  Cruel  experience  has  at  all  times  proved. 
Ihat  with  impunity  these  sacred  laws  can  never  be  infringed. 

ILa  JPiace,  Sjtlew^e  Ju  Msmdf.'} 


CHAP.  XXV. 
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J.  HOUGH  we  commoply  gly^  l^e  ajpfiellatiqn  of  sy^^m^  t^  fl|e  dif* 
lerent  auppoaitions  by  whiph  Ptolemy*  Copeniici^  a^ifi  Tyc^ JOifahe;, 
Jiav^  endeavoured  to  account  for  the  course  of  ibf  hi^vef^,  it  iiopl 
what  we  now  mean  I^y  general  and  systematical  physics.  We  ^gp  m^^ 
9  philosophy  which  undertakes  to  expl^  t^  prdbimd  C(?p^p^|pii 
of  the  whole  universe.  The  prefect  is  np())e :  fou|r  fir  $v^  (xUhx^t^i 
philosopliers  l^^v^  employed  themselves  in  i^;  %y  hav^  i^u|de  |iu- 
iperous  partifcs,  and  many  disputes.  Tbi^  history  of  t^^  pr^t^Or 
sions  may  determine  ps  in  iji^  choice  of  th(p  b^t  siit»  or  i]|  remaipiog 
entirely  neater* 

Epicurus^  reviving  tj»e  id^as  of  Leucipp^sand  Democnti^^tboipgh^ 
he  very  well  comprehended  tl|S|t  p^tides  of  luatter  di^f^rcipt  in 
form>  having  subsisted  from  idl  etefmtj^^  ^a^»  ^^r  a  qeir^q  timcp 
linked  tl^ems^lv^^  to  09^  fmotl^er  in  the  vi^ruif^i  th^t$pme|Nro7 
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«ee4i^  i»  slc^gjbt  luie«,  and  oth^s  ia  i^uved^  leU  into  <Uier«E^ 
flnrt(^i»9iidferii|ed  jb94ie9aiid#|kirM9;  that  tbc  free  agency  of  mau 
was,  above  aU>  the  work  of  atoms  wlikb  moved  in  a  de«lwiag  Im ; 
ftuia  €teMiQi»w4^  Mie  sop^  peopki}  tbe  eartb»  est^Usbed  the  order 
mkhk ^abftusM mit* ;  awdfiwM^  ^^  of  one  and  the  saioe  fHi»tf^ 
the  worWfe  and  tba  ialellijppUi  beii^  vbiefabtke  spectator  of  it ;  thai 
iraase  Bol  to  iawgiiie  the  m»  was  nwde  to  light  us^  or  our  ejes  to 

*  AUejsQi  does  noi  appear  to  baye  extended  so  far  as  13  here  cooceivedt 
and  it  is  due  to  the  character  of  Epicoras^  and  is  demanded  of  as  by  tbe  can- 
tfour  of  genuine  philosophy,  to  observe,  that  the  common  opinion  that  this  great 
inpporter  of  the  atomic  sect  supposed  the  vlsiMe  inilvenpe  lebavebeen  prodeeed 
^chiuice,h9&n^foiuid«d{Hi  ieany^paet  of  Mswritiag&ilHMklwierfflfeeaied  to 
far  dajt  and  is  us  maay  paMaf^  most  peremptorily  contradicted  |»y  tlieA^ 
^*  Whom*"  says  Epicurus,  in  aletter  to  Mepaeceus,  preserved  in  Dioj;ene8La9rtius9 
**  do  you  believe  tobe  more  excellent  than  he  wbo  piously  reveres  the  gods,  ^ho 
feels  no  dread  of  death,  and  rightly  estimates  the  design  of  nature  I  Such  e 
man  does  not,  with  die  mukHode,  regard  Cnauce  bb  a  God,  for  be  kaeWstbet 
CM  cen'S^iMr  act  at  poniomf  nor  w  a  00fUi»g$nt  covm  of  eveats;  mar  does 
kfs  conceive  that  ^poss  any  sueb  power  Uom9  tbe  good  or  ihe  evil  that  attempoiy 
tbe  real  happiness  of  m^n^"  So,  in  another  passage  of  another  letter,  **  Be- 
lieve, befort  aU  thing$%  that  God  b  an  immortal  and  blessed  being;  as  indeed 
common  sense  should  teach  us  concerning  God;  Conceive  nothing  of  him  that 
is  repugnant  to  blessedness  and  immortality,  and  admit  every  tbins  tbat  is  cen» 
Siiteii#  with  tftese  perfitc^nt." 

laeiynppQ*  bowever,  with  Aristotle  9nd  most  of  the  other  philos^bers  of 
Greece,  Epicurus  conceived  that  perfect  rest  ^d  quiet  were  essentially  necessary 
to  the  perfect  happiness  of  the  great  Creator;  and  he  hence  supposed  that  all 
the  phaenomena  of  the  natural,  and  all  the  events  of  the  moral  world,  are  per- 
petually taking  place  without  any  dhreet  iatovtWeneo  or  genend  provideaco 
of  ^  Deity,  4oce  «bis»  ia  bit  o^eiop,  vquM  be  if  produce lUUsturtiaace  in  tbo 
fgjim  pf  bit  esf^efM  UUciijf  $ ,  but  at  tbe^samc  time  tbat  they  do  mot  take  place 
at  niudam»  or  by  chance  9r  accident,  but  under  the  control  of  a  general  sys* 
tern  of  laws  established  §t  the  beginning,  and  on  the  formation  of  <he  world. 
To  which  opinion  he  expressly  alludes  in  the  fbllowing  passage  ftom  anotber 
letter  preserved  by  llfbgMies  lasriluss  <*  Tbiak  not  that  tbe  difleiest  motioM 
aad  revelatiBasof  tbe  beateaM  tba  vMag*  aettiuff^  oolipse^  aal  «4berpb«« 
lifpienapf  tliei^aetsare  produced  hy  the  immuUate  control,  saper^ntendi' 
fnce,  or  ministration  of  him  who  possesses  all  immortality  and  beatitude  ^  it 
is  from  the  immutable  laws  which  they  received  at  the  beginning,  in  tbo 
creation  of  the  universe,  tbat  they  ini|ex*Myftalfil  their  various  clroirits  I 

For  a  furtber  account  of  tikis  snbjeeii  we  misr  tbo  resder  ta  Mr.  GoodV 
rialioiAte  taasuairttoo  of  Hrim  bis  lale  o|'  lM9»e^m%  fff»ixed  to  bU  tmealeaoa 
of  ih^  Naxuba  OS  TH|ii6ft>  to  wbicb  indeed  ve  ace  indebted  for  t3»&ks  e^ 
tracts.-— JSdt/pr* 
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see ;  but  we  having  perceived  that  the  inn  mtgfat  serve  to  light  m, 
and  that  our  eyes  might  serve  to  see  wtth,  we  made  use  both  of  the 
aun  and  our  eyes  to  that  purpose.  - 

Aristotle,  ^ud  all  his  partizaus>  bdieved  the  world  was  composed 
of  a  first  matter,  which,  they  say,  liad  no  form,  but  is  capaMe  of  all 
forms ;  out  of  which  the  four  etemeiits  issotd,  composmg  ail  bodks, 
imd  into  which  they  are  all  resolved,  or  return  in  their  last  analysis. 

There  is,  indeed,  some  difference  between  this  first  matter  and  the 
atoms;  but  Epicurus  and  Aristotle  agree  in  this,  that  they  admit,  at 
setting  out,  a  first  fund  of  indeterminate  matter,  capable  of  entering 
into  all  sorts  of  conditions  and  ciompositions. 

Oassendi  Ptsumes  these  AtonM  and  this  vacuum  of  Epicurus  for 
the  construction  of  his  world,  with  this  difference,  that  he  put  them 
all  into  the  hands  of  God,  to  give  them  motion  according  to  the 
wise  designs  of  bis  Providence,  This  philosophy  has  never  injured 
apy  one  with  regard  to  religion^  on  which  it  thrown  no  blemish. 
But  here  observe  again,  the  same  foundation  of  an  extravagant  n^t* 
ter,  which  in  the  first  place  has  nothing  regular  or  determmate,  and 
which  may  aOerwards  be  indifferently  changed  into  one  body  or 
another,  as  it  is  handled^  composed,  divided,  and  made  up  again 
into  other  iuasscs. 

Descantes  rejects  the  vacuum,  and  will  have  every  thing  m  his 
world  full ;  though  we  can  hardly  reconcile  the  hberty  of  motion 
with  a  thorough  exactness  of  plenitude.  Tis  thus  that  he  conceives 
the  creation  of  the  world.  God*,  in  the  first  place,  formed  an  im- 
mense mass  of  homogeneous  matter ;  all  the  different  parts  of  which 
were  cubical,  or  at  least  angular.  He  afterwards  impressed  on  these 
particles  a  double  motion.  He  makes  the  greater  part  of  them  turn 
on  their  ccuter,  and  several  clusters  among  them  round  their  com- 
mon center,  wliich  he  names  vortices.  This  being  done;  according 
to  him,  all  is  done ;  and  by  the  friction  of  the  angles  of  these  par- 
cels, from  thence  was  formed  a  very  fine  dust,  which  he  calls  thefiist 
element  or  subtle  matter;  next  a  globulous  matter,  which  he  calls 
the  second  element  or  light ;  and  lastly,  a  massive  dust  striped  and 
branched,  which  he  names  the  third  element,  from  which  he  formed  all 
sorts  of  massive  bodies.  This  chaos  coming  out  of  the  hand  o{Qod$ 
disposed  itself  in  order,  according  to  Descartes,  by  vktoe  of  the  two 

•  Vide  Treatise  of  Ligltf  and  Principia. 
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isotions  impressed  upoo  it  by  Q<^,  and  of  itself  became  a  worid  like 
mas  I  '*  in  the  wfaicb,  thongh  that  God  placed  no  order  or  propor* 
tionV  tbese  are  his  own  terms,  **  one  may  see  all  things,  as  well  ge« 
oeral  as  particular,  which  appear  in  the  real  world." 

The  aldiymists,  to  be  in  a  condition  to  make  gold,  and  to  prepare 
a  restorative  which  hnmoltaKsM,  or  at  least  greatly  prolongs  life,  have 
been  obliged  to  search  to  the  profomid  of  nature,  and  they  imagine, 
have  found  that  salt,  sulphur,  and  mercury,  with  some  other  ingre- 
dients, which  they  have  not  as  yet  agreed  upon  among  themselves, 
were  certainly  the  immediate  elements  of  metals,  and  all  bodies; 
but  yet  there  was  really  a  first  matter  susceptible  of  all  sorts  of  fbrms, 
as  all  the  sages  of  Egypt  aud  Greece,  and  all  the  philosophers  of  all 
ages  averred;  wherefore  they  had  nothing  to  do  but  to  work  upon 
thb  first  matter,  to  mould  it  different  ways,  and  to  give  it  a  certain 
turn,  to  be  possessed  of  gold,  jewels,  and  the  vivifying  elixir. 

We  see  he|e  a  perfect  agreement  among  all  the  sects  of  philoso* 
pfaers  upon  the  principal  point.  They  all,  though  under  different 
terms,  go  back  to  a  chaos  of  the  first  matter,  and  numberless  par- 
tides  which  are  neither  gold,  silver,  salt,  bod,  fruit,  or  any  thing 
determinate ;  but  which  will  serve  for  a  compo^tion  of  all  things, 
by  tbeir  mixtures;  and  into  which  all  things  may  at  last  be  resolved* 
^le  only  diflference  we  find  between  thegi  m  this  pomt  is,  that  the 
aldiymists  have  more  wit  than  the  others,  and  omke  a  better  use  of 
wisdom.  The  Aristotelians  and  the  Corpuscnlists  are  always  ready 
to  enter  Into  the  lists  about  a  plenum  and  vacuum,  matter  and 
form,  the  principles  of  bodies,  and  the  last  term^  of  their  dlsso- 
IvtioBS,  and  all  this  to  no  purpose.  They  are  all  battling  among 
tfaemsel^res  about  the  best  method  of  diqpo^ing  of  matter,  as  if  the 
world  was  now  to  be  made  or  governed.  It  is  already  inade,'and 
goes  on  its  course  without  them.  All  their  knowledge  tends  tkta 
only  to  fill  the  schools  with  disputes,  from  which  nothing  results. 
The]  alchynust  go  much  nearer  to  the  point  i  they  labba*  more  to 
the  purpose.  Ac<^tlrding  to  Aristotle,  Epicurus;  C^assendi,  and  Des- 
cartes, gold  and' sand  are  originally  the  same  matter.  Descartes^ 
by  breaking  his  cubes,  saw  sun,  gold,  and  l%ht  itself,  arise.  Let  us 
pot  the  sand  into  motion  by  force  of  fire  and  fHction,  break  its 
imgles,  deprive  it  of  that  accidental  form  which  makes  it  sand,  and 

•  yide  tbe  Wofl^  of  Treatise  of  Ught. 
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by  a  proper  raanaiuction  traasniiite  k  iofeo  faW.  Wfaat  riebeff 
wbtt  Micky  aMi  assiataooe  to  haaran  90ciety  I  AooU  whc  ance  ap» 
me  to  this  pokit. 

If  the  systemtftfoal  plulosgfhcffs  tiuak  righfly  on  tN  arliak  of  « 
irst  BMtier,  ia  which  tkej  all  agrce^  the  alcbjnustf  Ibtak  ilUi  better 
10  reducing  these  speenlatioM  to  practice*  aMl«llatB|Mmg  tocbaaga 
this  matter  90,  as  to  produce  gM  9mA  iwaiarliUly* 

tJalockifty  for  the  honour  of  philosopber9»  alchyasistt  fUe ;  awl 
not  oidy  80,  but  they  sooner  than  othera.  The  greater  number  <tf 
them  are  parched  among  their  foroacea  and  pettiferoiM  e«ba{atie«ii 
b«t  this  is  certab,  they  ali  rois  tbemielvei.  Their  fraitkw  aft^mpit) 
pvotft  the  falsity  of  Hie  principle  wbieh  they  bad  from  the  pbihm* 
phers,  and  dispense  witti  our  entering  into  a  tedia«il  ei^minalioB  of 
tUs  imaginary  phioiophy. 

It  is  sufficient  to  be  tborougUy  sensible  of  tba  great  mistake  of 
sysCeaiatical  piriloaopbers,  to  hnow  that  they  forai  the  world  with  a 
matter  void  of  form,  which  at  first  waa  neither  water*  fire>  meta)> 
earth,  nor  any  tfahig  now  apparent  j  and  that  afterwards,  by  n|iatwii» 
it  becaase  all  thi^  we  nmw  see^    Daily  eipeiienee  shows  thewi  al^  if 
Ibey  wil  see^  that  to  bring  te  lights  and  to  multiply  the  tinnsient 
species  which  maintain  the  scad  of  Ae  world  fqr  tha  dmlian  ef 
ages,  God  has  prepared  a  vast  irariety  of  simple  natnnes^  wbieb  bop 
ver  proceeded  froHi  a  frst  matter  diftiant  fiioBi  theaMeirea.    Thai 
these  natmsea  hoiBeno  wtber  immediate  eaaae  of  tbeir  forenatian  than 
God  himatlf ;  that  Ihty  nefor  pass;  from  a  f rst  state  to  n  setvofid^ 
Ibat  they  are  unohangaaUe  asl^  is,  who  gatre  them  beipg*  that  n^ 
SMlioD  can  alter»  ebaagt,  or  eoaaeiFf  tbam  into  other  aatiir^^  of 
teaolroth^n  into  other  things  tba»  wimt  tbay  are:  th#y  fan  neither 
be. destmyed: nor  forced;  and  mut  the  most  viol^oi  mptiop  cm 
have  an  sacbeAct  on  ttem,  they  cannot  owe  theic  p^rticMlaiFmitMre 
lo  any  tni% aabias^  whiab  ba^  }mm giver)  tliam  by^ mptHHi*    l^m 
juc^  of  il  by  some  expempents*    Pal  refined  gold  i^(([^a  m^t  iyir 
tenaefinr,  it  wil  eOnthnie in  fi^siimfN^seiieral  months  tqgetbftfr*    A 
wMdBkAe,  whmhi  aooaiding  to  the  Caat^rianiw  ia  oply  a  violent  mor 
lioo,  oogfati  mm*  aa  «0Uas  an  the  b^gNMuog  pf  the  wwM,  to  cauM 
annar  Kttk  wamthy  in4hia matter.    ^Jk  certainly  mprfi  ea^y  to  dor 
stray  tban.to  fi^m.    Why crnmot;  then  tbii  motioa^  pbinb  ^'oaa  the 
first  matter  produced  gokh  by  force  of  graduating  and  varying^  de? 
'  rtroy  this  gold  i»  the  craeibfo^  or  oavrert  if  ipto  some  new  being>  or 
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di^Hik  i:«4m?it  '^J^^  ^V^  portion  of  Uve  gi^  matter  1  Po  n^ 
%  yMos^^r*  pyir^f We  tbta  they  U*e  ip^Mic^l  i4€^,,  ky  w)MPb 
f  ^  jdupo^e  ev^ry  t|^i|ig  in  ll^  ^chofolh  tat  realities  s^bei^ting  in  m* 
tM^  i^il^  they  have  l^vepg  io  their  o^wo  iuagiiiafliaD  oaly  ?  They 
f m49^y  !^b^  thP^gltfs  on  uia^er  ^  genep:^,  aftervifard^  09  oM* 
ter  49teripip^  io  palti<:^lar•  Do  t)iey  therefore  heheve  that  timn 
i»,  or  that  there  ever  wfis,  im  QBtrerflai  matter  1  They  «ae  indeed  w 
^l^e  ip  seekiyg  the  anal;ysis  of  gold*  and  ledacii^  it  to  its  first 
prmciples,  to  carry  it  back  to  the  fir^t  matter.  They  may  a3  veH 
apalyse  flowers  in  t^e  chemist's  furnace^  ip  hopes  of  finding  io  tbi^ 
|0^t  dissolution  an.  universal  flpwer  at  the  hpttom  e^f  the  receiver, 

lathe  seaie  n^anaerput  i^totlie  fi^  s^i),  ii^ud,  mercury^  or  any 
me^  ypMshaU  think  prpptfr.  the  s^  will  becoqie  gkss  by  the  co^ 
gruity  it  acqu^es  in  tfhe  fire ;  apfd  after  having  been  years^  togethet 
in  a  glass^b/(^Mse  pot»  it  wijll  stiU  be  glass;  the  m^d  will  M  into 
liuM  or  ^es,  and  will  Qeyer«  aft^r  a  sepai#km  of  Ha  part^  be  other 
(than  cinders,  or  ^  a^m^  fMrtutm.  I^erciiry  mixed  with  sulphi^ 
aiid  all  the  if^f^^f^  that  ^p  be  thought  upon,  will  always^reB^ajg 
ix^  cional^rs  ^s  ^W^  9^^  forn>-  I^  WiU  be  lost  to  sight,  but  peithef 
destroyed  nor  c^i|§e({.  It  is  always  e?itue  ppder  pew  lormsi  ^1? 
waj^s  ^  s4me,  ^  ^^e  wijl  restore^  it  back  i^  its  pristipe  form.  Tif 
the  «^m^  thipg  with  metals.  Torture  them»  give^  them  what  motion, 
vfh^t  aiteptiop  you  can  devise,  by  firei  aipia  fortisi^  or  qthec  dis? 
SQlveptSy  they  have  not  even,  ope  mopii^nt  changed  tl|eir  nature,  l^ 
^e  put  a  piepe  9^  iron  into  aqua  fortis>  in  which  wp^  before  dissolved 
a  cert^o  quantity  of  silver,  it  camiot  sustain  pavcels  of  two  difiiercpt 
ipetals  at  the  same  tune;  it  quits  the  silv^«  ialsely  thopgl^t  to  b^ 
ItransipBtcd  iatp  a  liquM^  which  precipitatea  to  the  bottom  of  thf 
jres^eL 

It  was  oidy  concealpd  in  flofiting  op  the  glohohir  parts  of  the 
jBuid,  by  p  sepfirsition  of  the  me^Uv:  parti;  but  these  small  particle 
4h|Ki  separated,  are  still  the  spme  as  when  united  in  ope  masp.  The 
mimorn^  with  which  we  colour  wa^rs,  is  made  with  h^d ;  the  m^ta) 
is  no  longer  apparent;  one  wouU^  think  it  w^  destroyed*  or  con> 
vert^  into  another  natpre.  It  is  piore  st^ratedt  hiH  the  ppr|jcles 
arenptcl^ppged;  and  if  youbumth^wafermtheflfipieof  pcaipd)^ 
andji^tc^thecipdiirsonapjepeof  paiier«  you  wil)  lee  (t^  gfUft^clif 
of  lead,  when  in  fusion,  drawn  near  to  one  another j  and  f^^nn^  whei^ 
eol^t  4e?era|  shiimg  bfapcH^  W}t  t^  he  distuigpished  by  the  i^ed 
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eye.    Gold  and  metals  extracted  out  of  matters,  where  nothing  me* 
tallic  is  to  be  seen,  are  not  there  formed ;  it  is  true,  they  are  there 
found,  and  they  are  extracted  from  the  places  to  which  the  water 
had  carried  and  dispersed  them :  hence  it  comes,  that  gold  is  fomid 
along  the  river  sides^  and  in  sands  likewise  ;  iron  in  clay;*  and  the 
particles ^of  iron  which  adhere  to  a  knife  touched  with  a  loadstone, 
stirring  with  it  the  ashes  of  plants^  flesh,  or  the  entrails  of  animals. 
The  metallic,  saline,  earthy,  sandy,  aquatic,  ignetic,  mercurial,  aftd 
many  other  simple  particles,  go  off  and  return,  form  masses,  appear 
under  very  different  figures,  are  concealed,  and  then  again  apparent ; 
but  gold,  iron,  earth,  water,  sand,  fire^  mercury,  and  in  short  aH 
simple  matters,  are  ever  exactly  the  same  thing,  whether  in  small 
or  great  bodies.    The  natures  of  each  are  to  themselves  the  first 
matter ;  and  as  the  most  agitated  and  varied  motion  cannot  resolve 
them  into  other  than  what  they  are,  they  do  not  owe  their  con- 
struction to  motion  either  direct,  oblique,  or  circular.    They  have 
all  immediately  proceeded,  as  did  the  whole  worlds  from  the  hand 
of  God  himself.    They  are  not  what  they  become  by  the  combina* 
tion  of  motions,  but  what  God  willed  at  first  they  should  be,  to 
serve  in  the  formation  of  compounded  bodies,  to  which  hb  wisdom 
had  appointed  them.    Gold,  or  crystal,  is  not  now  made ;  but  only 
carried,  gathered  together,  dispersed;   wherefore  motion,  which 
never  has  been  able  to  produce  the  least  grain,  has  not  been  able, 
a  fortiori,  to  produce  either  an  earth,  or  its  iuhabitants,  an  atmos- 
sphere  or  a  sun.    Motion  maintains  the  earth,  but  never  could  ordain 
it ;  as  the  spring  of  a  watch,  and  the  care  of  winding  it  up  every 
day,  is  the  cause  of  its  going  regular,  but  cannot  make  it.    It  is 
then  the  part  of  a  prudent  philosopher  to  study  those  motions  which 
maintain  nature,  as  they  are  real,  regular,  and  lasting ;  but  it  is 
making  an  abuse  of  reason,  it  is  despising  of  experience,  and  may 
be  secretly  reviving  the  follies  of  the  Epicureans,  to  attribute  to 
motions  impressed  on  matter  the  power  of  forming  a  world.    It  is 
as  impossible  for  motion  to  form  a  world,  as  it  is  evidently  impossible 
for  it  to  form  a  grain  weight  of  iron. 

'    As  it  is  but  loss  of  time  for  us  to  stir  the  atoms  of  Gassendi,  or 
to  whirl  about  the  angular  bodies  of  Descartes,  we  shall  po^ibly 
find  the  attractive,  centripetal,  and  centrifugal  philosophers  of  the 
north  turn  to  better  account. 
The  diffi^rence  between  M.  Descartes  and  Shr  Isaac  Newton  is, 
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tbat  the  fbraaer  mdeittdte  to  'iffiK^unt  for  erej^tbiog;  md  the 
other,  modestly  acknowledgibg  that  we  are  ignorant  of  the  secrets 
of  nature^  piwt^s  only  to  evkiie  one  matter  of  fact,  without  under- 
tddog  to  explahi  the  cause ;  biit  as  tl^b  one  point  extends,  according 
to  Inm,  to  all  nature,  his  system  for  that  reason  l^ecomes  a  kind 
of  uBttecsal  philosophy*  According  to  M.  Descartes^  tbat  gravity 
which  causes  bodies  to  i^li,  is  jiothing  different  from  the  action  of 
the  fluids^  in  which  the  planets  are  carried  away ;  because  all  bodies 
movied  and  impelled  by  the  bodies  surrounding  them^  to  describe  a 
cirqular  instc^ad  of  a. straight  line,  incessantly  endeavour  to  recede 
firomthe  centre;  whei^  it  hap^iiens,  that  whien  the  parts  of  the 
vortes  meet  w^h  the  bpdies  which  have  no  centrifugal  force,  or 
which  have  less,  they  ace  compelled  to  fly  to  the  centre ;  so  that 
the  precipitation  of  heavy  bodies  towards  the  centre,  is  nothing  but 
the  action  of  more  active  bodi^  which  have  a  tendency  to  avoid  it. 
Sir  Isaac  Newton  at  first  thinks  with  M.^scartes,  from  whom  he 
bad  learned  it,  tba|:  aU  bodies  xontinue  in  a  state  of  inaction,  or 
repose,  till  drawn  out  of  it  or  interrupted. 

Again^  Sir  Isaac  Newton  imagines,  that  he  has  observed  through* 
ont  all  imture,  and  it  is  the  distinguishing  pomt  of  his  system,  that  all 
bodies  attract  one  another  in  proportion  to  their  distance  and  bulk ; 
that  they  have  a  certain  .tendency  towards,  and  press  one  upon  an- 
other ;  that  the  sub  tends  towards  the  earth,  and  the  earth  towards 
the  sun ;  but  that  the  latter  being  incomparably  larger,  we  perceive 
only  the  ai^roaches  of  the  former  towards  it :  that  in  like  manneir 
the  earth  tends  towards  the  stone  which  is  separated  from  it  by  pro« 
jeetion,  as  the  stone  tends  towards  the  earth,  or  rather  that  the  stone 
attracts  the  ^rth  to  it,  as  the  earth  attracts  the  stone ;  but  the 
earth,  by  reason  of  its  bulk,  having  a  stronger  attraction  than  a 
small  stone,  it  happens  firom  thence,  that  the  earth  does  not  quit  its 
place,'  and  that  the  stone  approaches,  or  is  drawn  to  it  by  the 
attractive  power  which  the  earth  exercises  upon  it. 

This  action,  which  Newton  imagines  he  every  where  perceives  be* 
tween  bodies  and  bodies,  throughout  all  nature,  he  calls  cUtractio% 
and  gives  it  out  as  an  effect  residing  in  every  part  of  the  universe, 
without  being  able  to  assign  other  cause  than  the  will  of  God  to  put 
all  nature  in  motion.  Thus  the  earth  moved  round  the  sun,  if  it 
was. only  moved,  and  not  drawn  towards  it^  would  infinitely  recede 
from  it.    The  mobu/  if  it  obeyed  without  obstacle  the  law  of  mo- 
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tiod  which  otfricB  it  «w*yi  tivoM  sWiid  the  earth,  airil  stieiigth 
cKtappear.  In  the  same  maMlcry  if  the  tiardi  6btjtA  diAy  the  fanv 
ef  ittrattiod^  that  Isw  by  which  the  t«a  draiwa  the  eatlh  to  it^  it 
ftoM  draw  new  to,  and  pred[^te  irito  the  stm ;  tb^  mooA  bahg 
My  attracted,  wookl  fkll  upoa  the  earth:  but  the  earth  bdog 
■loved  atid  cast  off  from  the  Am,  is  at  the  sanke  ^me  driwn  toward 
it ;  intead  of  receding  from  it  in  a  stnt^t  Moe,  tMs  line  will  be 
catvei  by  die  attraction  which  brhi^  it  back  to  Hie  rad:  being 
alw^  under  tbe  influence  of  two  fowers  one  of  wUMr  ahn^s 
f^ROfes  it  from  the  smi,  and  the  other  draws  It  back;  it  dascribes 
Ntthd  the  son  a  curved  liae,  wfakh  Newton  demonstraltt  oii^t  to  W 
an  etti|Mk,  or  near  to  an  ovaL  Ther  moony  mUke  amitier»'obe)rfaig 
fwopowerr,  one  which  makes  it  fly  from,  the  other  whicfar  ntakes  it 
tend  towttds  the  earth,  cireohrtes  nwod  it ;  tlw  centtif a^  and  thi 
centripetal  forces  are  checks  one  upon  tbe  other;  and  the^Uoou; 
hiitead  of  being  carried  fai^  from  m  by  tbe  first  po«#er,  orpre^:^ 
toted  upon  oar  edrth  by  virtue  of  the  aeoeid,  is;  htf  tbd  hnpi^siieil 
of  bothj  kept  within  its  orbit* 

Sir  Isaac  Nev^ton  afterwaids  examines  what  wmMh^  the  lAea- 
srnta  of  motioB  of  tbe  moon  bei^nding  to  £ili'  towards  the  eaHIn 
ffiom  the  beight  of  its  orbit,  after  it  had  Idstft^oentriA^lfwe^ 
mtd  was  fteedfiom  all  atttaetioii  of  the  eHrth.  Tbe  disttoee  ^f  flt^ 
MOon  from  the  earth  is  known,  also  the  dwradow  of  ife  t^ohfdoft; 
one  aaay  then  know  what  it  the  portion  of  the  dMt  i«  a  tiHaA^. 
Oeomotry  teaches  as  whal  spmt  the  naooo  Aim  thrtw^  in  a  r%bt 
Ihie  Ming  towards  the  eartl^  ^  virtotrof  the  ttft^  whidb  makes  it 
pass  through  hb  drab,  or  pmtioli  of  its  drbit.  Afr^rWai^d^  hWflM^ 
hnd  it  down,  that  tbe  attraction  dfttiiaish^  as  the  squat^*^  of  A^ 
distance  increases^  Newton  finds  by*  his  calc«ifatioiiS',  that  Che  mbm 
in  frilling  from  its  station.  Would  at  flm  Mi  Mem  (^  id  a  fftinbf^ 
and  that  near  the  earth,  by  valtwe  of  the  sime  Ik^,  it  wMifd  inii 
minute  pass  through  three  thousand  sit  hundred  tteries  flftMr  fset 
Lastly,  exammmg  the  spacei  which  a  body  of  wood  6r  ston^Mfell, 
wottld  pass  diroogh  near  tbe  eswtb,  he  conckHfesfrtiM  the  eaperktoc^ 

*  They  call  any  Dumber  multiplied  by  itself  a  square.  If  the  intcrral  b^ 
tween  the  earth  and  moon  be  divided  in^o  three  strata,  the  first  has  for  its  square 
f,  the  second  4,  thet!iirtf9.  lli^  sitfrkctSoii  dittfnishlng  in  pVoportTon  as  (he 
s^EoaMfiOff  thediitatacetfaoi^eose>  will  aoeosS^iatiieMtsCrtrt^tt',  894^li}(tf6 
se6en4]raBd  1  io  the  third*  ' 
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fakitd  by  tfa»  1^1  of  b9#»i  tbal  H  ilOM  ruM  Id  ^t  iHtlut6,^%iMf  iH)t 
Hlobe,  tkroiigh  Ibrte  thouMUd  int  hutkk^  times  fifteen  feet.  Tte 
mooD  being.  k>oseci  from  iu  orbits  lv4>«kl  timitefore  obey  tbe  tmtigt 
kEMT  wMch  iirecipitates  tfce  stonew  %  a  netesBmy  conseqnence^  if 
the  stone  was  ^rried  as  high  a»  thfe  of  bit  ^  the  tuoon^  being  ^kiBtt 
kt  fsidly  it  ifobid  rua  through  fifteen  feet  in  a  minute^  Attraetioti 
and  gravify  are  then  one  and  the  same  thing. 

M.  Privat  de  Motieref^  of  the  Aeadeaay  ^  Sd^nees,  had  r^fauMd,  ii 
his  Philoeoptiicai  Lectures*  thegroaad-wo¥feofNeMrt«i/sobser#atioBi. 
Hf  afikmtsatl  t^he  pfoo&  which  show  that  the  same  canse  which 
makes  a  stone  gravitate  upon  the  earth,  Makes  the  earth  gfavitais 
itpon,  the  sm^  and  the  moca  «pon  the  emtb ;  but  be  attributes!  this 
^fiiSct  ta  a  cpmse  verj  difierent  ftom  that  which  Newton  has  nna- 
§ iaedb  The  Fie^nch.  academfeiau^  at  the  same  tine  that  he  e^tfak  tbe 
.  exactness  of  thegeooietficai  fiyaleni  of  the  letoied  Engtishraani  fiads 
it  iacomfNitible  tvitfa  ^e  fiaa  of  naflitfe.  He  is  not  reconciled  to  a 
prifici|ile  wbieb  aaakcsFof  oar  yf^MyOmuUi,  whose  purts  are  as  naked* 
.ond.kss  united. than  those  of  a  sbdeton.  All  the  ideas  which  we 
have  of  aicchanka^  seetn  to  him  to  be  overthrown  I9  this  imagihary 
allmotioi^  whiob,  accor^Hag  to  the  partisans  of  the  English  g^ome- 
trici^Hi  rec^rocaHy  acta^betwetn  bodies  separated  by  a  great  vacuna, 
and  makes  tlieniaMiveiMavnHt*  without  unitiag  by  any  nrtemiedtale 
bond.,  M.  Molieres  reeunes  the  vorte^  of  M.Dedcartedi  the  e^ 
istence  of  wbkb  setma  to  him.  to  be  almost  palpably  natbi««  He 
corrects  it  in  the  wbde ;  and  making  all  tbe  effects  which  Newton 
bad  observed,  to  iow  from  the  very  structure  of  tbe  vortex^  he  in 
,  spme  nieas(u«  veooncfics  the  two  contending  schools. 
.  This  voartex  is  no  hmgisr  composed,  as  Descartes  had  imagined,  of 
hard  mid  inflcKible  f^ules^  but  of  small  vcnrtic^i  the  partides  of 
,  which  are  iacessmtly  imsfininf  to  recede  fnom  their  peculiar  cedtre, 
while  the  wholetcttds to  reuiove  irom  the  cooHnon centi^.  A  solid 
body*  aa  the  moon  or  earth,  cast  into  ibis  voi^x.  Ought  imnftediarfely 
to  be  moved  by  it,  and  canied  Itoe  same  way  with  it ;  bat  the  parts 
of  tbis^^  umiiddy  body  behi^  itrfclty  miited,  and  at  rest  among  them- 
selves,  make  no  elfort  f»r  meiion,  aoid  harv«  no  other  impulsion  than 
Yihftt  the  whole  body  of  Ihe  planet  receives  fh»ti  the  vortex  in  which 
it  floats ;  whereas  the  globoleB  of  the  vortex  have  a  double  motioh, 
and  make  a  double  effect;  aU  of  thett  tend  to  remore  from  tbe 
c^oaniim  centre,  Ac  momeat  they  are  lerced>  by  tbesummnding 
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vartkefi,  to  move  in  a  ciroitfMr  line.  Mofeoverj  ail  the  particles  of 
these  globules  perform  that  in  little>  roimd  their  centre,  which  the 
great  ones  do  in  general  round  then:  common  centre.  From  this 
double  tendepcy,  results  a  double  force,  which  more  powerfully  re- 
moves them  from  the  centre*  than  the  motion  impressed  on  the 
.planet  removes  it  from  the  centre  of  the  sphere.  The  planet  cast 
into  this  voxtex,  has  indeed  received  a  centrifugal  force,  in  receiving 
a  circular  motion ;  but  its  parts  being  at  rest>  it  has  less  centrifugal 
force  than  the  vortex,  in  wliich  this  force  is. double,  as  well  from 
the  motion  of  the  little  vortices  whidi  fly  from  the  common  centre,  as 
their  particles,  which  all  at  the  same  time  avoid  their  respective 
centres.  Thus  the  centrifugal  force  in  the  matter  of  the  vortex 
exceeding  the  centrifugal  force  of  the  planet,  ought  to  prevail :  and  the 
planet  tending  less  to  recede  from  the  centre,  than  the  matter 
which  pushed  it  on,  it  must  follow,  that  the  earth  will  by  d^ees 
draw  nearer  to  the  sun,  and  the  moon  fall  upon  the  earth.  In  a 
word,  Des  Molieres  makes  use  but  of  one  actbn,  or  same  cause,  to 
produce  the  centrifugal  force  of  the  vortex,  and  to  make  the  planets, 
and  all  solid  bodies,  gravitate  to  one  and  the  same  centre :  iiMtead 
of  which,  Newton  adds  a  motion  impressed  on  all  these  bodies; 
another  power  and  another  law,  which  he  names  attractum,  and 
which  disposes  them  all  to  dmw  near  to  one  another,  with  more  or 
less  velocity,  in  proportion  to  their  solidity,  or  thdr  distances ; .  while, 
indeed,  the  second  power  is  useless  and  inconceivable. 

M.  de  Molieres,  after  having  given  us  this  assistance,  by  hb  inge- 
nious exfrfanatiou  of  gravity,  to  comprehend  the  double  centrifugal 
force  of  vortices,  and  the  advance  of  solid  bodies  towards  the  centre, 
as  a  simple  effect  of  this  force,  left  us  at  first  m  doubt  of  the  power 
he  would  make  use  of  to  sustain  the  planets  m  their  orbit,  and 
to  prevent  their  falling  upon  the  centre.  But  it  was  easy  to  perceive,^ 
at  the.  same  time  that  he  would  be  compelled  to  make  use  of  dif- 
ferent vortices,  at  least  of  different  atmospheres,  cast  round  the 
planets,  to  make  them  roll  one  over  another,  without  falling,  like 
the  globules  of  different  matter,  which,  crowding  together,  flatten  a 
little  by  their  pressure  upon  each  other ;  while  in  the  interim,  the 
centre^  which  tend  one  towards  another,  by  the  impulsion  of  the  en- 
compassing vortices,  can  never  aj^roximate. 

This  explauatioa  of  M.  de  Molieres  is  so  much  the  more 
ingenious  as  it  is  not  made  use  of  for  the  aeation  of  a  world,  but  to 
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give  an  idea  of  its  motion  and  support,  as  it  may  be  enipl6yecl 
in  the  particular  explanation  of  a  number  of  phaenomeuay  and  of 
particular  cases ;  such,  for  example,  as  the  flux  and  reflux  of  the 
sea,  by  the  pressure  of  the  sphere  of  the  moon  on  that  of  the 
earth ;  the  shifting  of  the  satellites  of  Jupiter,  by  the  pressure  of  the 
sphere  of  Saturn  on  that  of  Jupiter^  the  attractions  and  repulsions 
of  electric  bodies,  by  the  small  atmospheres  which  they  acquire  of 
lose,  according  to  the  different  manner  they  are  touched ;  the  disso- 
lutions  and  fermentations  in  chemistry,  by  the  different  poweb  of 
the  tittle  yortices  which  compose  liquids,  and  which  can  only  appear 
vA  rest,  when  they  are  put  in  equilibria,  after  a  long  agitation,  oc* 
casioned  by  inequality  of  efforts. 

I  shall  not  here  touch  upon  the  systems  which  M.  Huygens,  Bui- 
finger,  Bemouilli,  and  many  others  have  imagined  on  gravity;  it  is 
but  a  point  of  the  mechanics  of  the  universe.  Should  we  ask  fifty 
fdiilosophers  an  explanatbn  of  them,  there  is  not  one  of  them  but 
Would  believe  that  he  gave  you  a  philosophy  that  was  to  be  esteemed 
in  proportion  to  the  geometry  and  calculations  he  had  employed  in 
it;  Even  all  these  indefatigable  calculations  will  often,  setting  out 
with  the  same  principles,  lead  you  to  as  many  different  sums,  dif- 
ferent mechanisms,  and  to  as  many  systems,  as  there  are  difiierent 
persOfff  whom  you  consult.  What  will  be  the  consequence,  when, 
ftom  tttis  point,  we  go  on  to  an  explanation  of  the  bolsters  of  the 
axifly  ind  the  profound  structure  of  the  other  parts  of  the  universe. 
EntMug  into  these  systematical  dpinions,  will  be  quitting  a  view  of 
Dflfiite,  and  losmg  sight  of  the  certain  use  which  we  may  make  of  it, 
and  in  which  consists  our  true  philosophy.  Another  reason  to  keep 
4M  upon  our  guard  with  relation  to  systems  is,  that  however  beautiful 
they  may  appear  at  first  sight,  the  application  we  may  make  of  them 
to  different  effects,  generally  turns  out  unlucky  and  ridiculous.  Make 
use,  for  example,  of  the  system  of  attraction,  on  the  phenomenon  of 
the  loadstone,  where  one  would  think  it  ought  to  be  of  great  use ;  or 
to  dectridty ;  or  to  what  is  called  fermentation;  you  will  find  that 
your  principle  will  leave  you  in  the  lurch,  and  will  inform  you  iu  no- 
thing; they  are  obliged  to  vary  their  attractions  like  their  effects* 
Here,  it  is  an  attraction  which  acts  through  the  whole  depth  of  the 
mast  there,  it  is  an  attraction  which  only  acts  on  the  slightest 
Miperficei  of  the  body,  let  them  be  thin  or  thick ;  there,  a  certain 
attraction  is  the  same,  while  another  attraction  varies,  as  does  the 
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taplims  witif  tint  which  they  peictifcx^  ^r  thought  tOi^.  perceived^ 
in  tle^Ukal  bodieft  This  could  oot  b^jnim^km,  and  k  «9tad^«x^ 
aotij  in^ia  the  phD^t%  duvnUiidg  h,  the  civcMit««i  it  aoflvieiilecl  in 
ditfance.  Uohiduiy  an  e<peiimciifad  phHoi^hT  cam»  wA  knocked 
all  this  OB  the  head|  and  by  fattening  a  little  ball  oC  wood  at  die 
ei^treoiity  of  a  cord  of  a  thousand  or  t»el«e.  hundred  feet  U^^^  h^ 
discovered,  that  if  an  electrical  tub^  was  afiflied  either  to  the  midcUe 
or  at  one  end  of  thia  cord»  the  spaogles  of  gold  |ilaced  at  the  other 
end,  under  the  irooden  ball»  clung  to  it  aa^aaddeuly  aa  if  the  elec* 
fricity  had  acted  urithin  a  foot  of  the  tobe.  (W  of  our  leaiptd 
Newtonians  *  has  made  an  hundred  eiyennieute  vfMn  tiie  lo>idalone> 
After  infiaite  precautions  and  calcidalioB^  he  firauU j  oem  4e  al^ 
fiactionfiuled  bias,  when  he  bud  oemskm  feeit«.  ^aA  that  be  ceidd 
make  nothing  of  it  f. 

I  shaft  1^  end  the  hhloiy  of  ftystwnalicad  i^ibseiil^  b 
iiof  UttleuBe  to  ghpe  a  moaeftA  knowledge  ^H»  ai^  perbapa  ma^r 
be  daagimNifr  to  yoaeiig  people*  by  biifiyiag  tbeit  iH«i^ 
Hhich  cmtmd  £m1»  in  spite  of  all  ont  eievtionf^  tofmesentsoaie  pbsr 
soaseaa^  oar  thought^  wUch  tsa  v^  great  pc^pudice  lo  tbe  pra^ 
l^essoftraepbilos^pby;  ritherbeomae  k  is  not  easy  to  gat  lid -of 
eertain  0Mmidities»  or  tfaal  we  see  crery  thiag  ciduforimye  lo  one 
pn^udices«    Expefime^^l  phjlosopby  aatbe  only  one  vKUeh  has  beeH 
xof  use  to^bofnim  society ;  and  «i  we  have  shown  that  the  adwuitages  - 
lowi^  from  it  aie  inniuneiable»  so  we  cannot  t^oaimend  Aif  the 
study  of  philoao]^iy,  a  more  prudent  metiiod  than  that  which  thr 
ttembers  of  the  Royal  Academy  have  followed  lor  our  iostnMtion* 

«  Mr^Mtachentoielu  .  . 

f  These  cfMisidemtiony  the  reader  will  find  more  minately  ezamtnei  io 
the  introductory  chapter  to  the  department  of  C'hehistrt,  which  will  enter 
into  ths  second  dlvisinn  of  the  present  Work.  It  will  there  appear  that  many 
«f  the  ol^etftiens  here  ofliered  to  the  tin^Hcit^of  tile  general,  and  now  still 
Hutlket  esCablifbed lai^of^BStore^  hew  bee*  remseod  hyeeq^eximamMmin^ 
sertations  not  kwiwn«t  tbeliine^the  infeaions  p^pef  here  oqf^led  hibs  writtmV 
and  that  most,  if'  not  all,  the  peculiar  attractioQp  of  matter  are  resolvable  lai^ 
flifferent  modifications  of  the  general  attraction  of  gravitation. 

It  is  Io  the  secohd  part  of  the  present  work  that  we  have  aho  to  refer  the 
resider  for  an  aocoant  of  sodi  astrojMiaioaMnilntneatSy  maps,  <ehai>fi,  gfo^r 
mrreries,  and,  pri((eotioa^  a%«re  inei^aario^ 
tics.— Editer. 
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Tlbffhfmnenf,  Af « colleflijv^ bedy^ipfveu  tlicir iqppfrolMlM to «^ 
4HiiCKfi^|l^  s}[8tf  ni..  They  ai»  fully  permiad^  IM  if  man  b^idl^wed 
iQWtm^  at  1 4bomiig)i  knoiiMge  of  Buture^  it  can  bp  only  by  ;tnaa- 
ioms  ii|^  0iiperiiiteatft  todiiMts^  fot  a gr«at  kogDi  of  yeiM»;  and 
0boulfi  ftvie»  ^  thoro^^  knowledge  he  dcpied  t0  our  copditipiv 
jSXpeiriiueiils  at  leait,  aad  the  knowledge  of  most  wpute  thii^  wiU 
pioenre^  as  is  daily  experienced*  varioas  heiu^ts  to  pablic  sboiMy* 
-This  veiy  judicioas  principle^  wbidi  they  bava  always  looked  ^fim 
MB  a  mkf  aad  the  natiure  of  tbe  di&rent  fanctioos  vnbicb  thesf 
learned  mes  bave  divided  aoHMei^tbeiaselvesyave'accafatelyfoiiBded 
0n  (he  neeessaries  of  life,  aad  the  extent  of  our  capacities.  Tbfgr 
fo  fiu^rt  the  es^ierinieiitri  pbiloaopby  wUeb  they  ba?e  brought 
Mo  esjtoeai  is  the  only  useful  one*  because  ^  is  the  only  one  oqn^ 
fotmM^  to  oar  eonditvm :  whi«li»  aritbont  offe^e4  we  mpy  oam^ 

Tilt*  experience  of  six  tbou^uyi.  years  is  oertaialy  sufficient  to  teach 
m  wbatf  is  poa^^  and  whi^  is  ^bidden.  While  man*  in  bis  impii^ 
9mimM  b«0ie4  ia  tboigs  subndttcd  tobis  goyenuqent^  his  endeavours 
aiet«  always  rawarded  by  new  ctisc^veries.  Wbanarer  he  would  pry 
imo  the  inl^idr  structure  of  llie  parto  of  the  universe^  the  motion 
iOf  which  is  not  suhnitted  t0  hisi^re,  bis  idea^  have  been  ftntosticat 
Md^nocertaia*  Let  him  s^udy  the  measures  of  aMfnitudoi»  and  tfa)( 
hm  of  i^otions;  not  to  pace  oat  the  beavmi^  or  to  yf&^  the8oli4 
bodies  of  the  planets,  but  to  know  the  order  of  bis  days ;  let  him  ob^ 
oerKe  the  niatiott  of  the  Ofspects  of  tl^e  heaiveas  to  his  habiUtipn,  the 
•piopes9un  of  light  in  tb^  modification  in  which  it  is  presented  to  him; 
IhiS  oie  he  may  make  of  the  equiMbrinm  of  lifnids^  of  the  w«i^s 
and  vdboties  of  the  bodies,  pf  which  he  is  nMster,  of  i^  the  experi^ 
ments  which  come  within  his  view,  and  especially  aaider  bis  hand ;  in 
a  word,  let  him  apjdy  experiments  to  the  necessaries  of  life«  and  he 
,will  k$jffi  an  unerring  philosophy,  replete  with  great  advantages.  But 
4o,  undertake  to.determme  the  cause  which  gQverns  X\ie  motion  of 
ahemareiBe,  -and  to  penetrate  into  theuniverflal  str^Qture,  and  the 
imticttte  parte  of  which  it  is  composed,  is  to  forfeit  th^  honour  of 
4mpcoving  lus.patrimony  in  order  to  run  after  shadows.  It  is  neglect- 
ing treasures  which  are  <^n  to  us,  and  obstinately  perw$tiug  to  knock 
at  a  door  which  bae  been  shut  against  us  these  si^L  thou^^l^d  y^rs^ 

^mmu  fio  conjaetaral  opinion,  hut  a/ia.<)ibie  tnid^  of  ejcpe^i^ce, 
.^or.Ged  has  given  us  great  facility  and  i^teltigence  io  things  which 
mt  oog)^  to  Hianage;  and^on  tha  contrary,  that  tho«s  to  which  QoA 
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Mmidf  giTes  motkm  and  actkm/  witlMmt  fhtrttsling  the  conduct  to 
<Mircare»  he  has  concealed  from  our  knowledge..  Forexanqrie.  we 
iire  ignonmt  of  the  strnctare  of  our  ttomaehy  becanse  God  has  eased 
us  of  the  care  of  its  digestion.  In  yain  would  the  most  able  anatomist 
direct  his  digestion;  all  very  often  goes  contrary  to  his  wishes.  On 
the  other  hand,  we  have  in  onr  senses  many  watchful  and  fintliful 
monitors^  opportunely  to  direct  what  nourishment  n  proper  A>r  u& 
Why  then  have  we  so  many  methods  to  l>e  acquainted  with  our  nu- 
triment, if  it  is  not  that  the  care  of  seeking  and  chusing  it,  is  conn 
mitted  to  us?  And  why,  on  the  contrary,  do  we  not  know  how  to 
digest,  if  it  be  not  that  God  has  evidently  willed  our  digestion  to 
be  performed  in  us  without  our  dkection  1  God*  who  has  spared  ua 
that  trouble,  has  denied  us  the  knowledge  of  the  mechanism  which 
forms  the  flesh  and  the  fruits  that  we  eat,  as  well  as  the  mechankm 
which  extracts  tl^e  juices  from  them  for  our  nourishment.  This 
knowledge  would  have  dbtmcted  ns.  We  attain  the  age  of  four 
score  and  ten,  wfthont  knowing  what  digestion  is,  or  whit  is  theac* 
tion  of  the  musclea.  We  have  been  served  without  any  care  on  our 
part.  Had  we  thoroughly  known  the  structure  of  our  stomachs,  we 
should  have  been  for  durecting  its  functions.  God  has  not  allowed 
this  knowledge  to  man.  He  ordained  hhn  to  be  otherwise  empbyed. 
If  then  this  mechawism  be  hkl  from  him,  lest  it  should  midtiply  hps 
cares,  will  he  acquaint  him  wi^  the  structure  of  the  worid,  the  mo*> 
tk>n  of  which  is  not  committed  to  his  charge  ? 

I<an  scarcely  be  of  opmion,  that  the  modern  philosophers  have 
rightly  conceived  the  plan  of  the  Creator,  u»  having  less  esteem  fo^r 
'the  knowledge  which  we  attaifi  by  our  senses,  than  for  what  they 
imagme  is  to  be  aequirtd  by  a  profound  meditation.  One  exam|^ 
will  make  me  understood. 

The  common  sailor  knows  nothmg  more  of  the  loadstone  than 
what  hb  senses  mform  him,  vis.  its  tendency  towards  the  north  pole* 
This  is  the  sum  of  hu  knowledge.  The  philosopher  would  know  the 
cause  of  this  phenomenon:  he  employs  the  efiuvia  of  its  pores  in 
qnral  Imes,  the  attractions,  the  repulsioas;  and  afler  sevenl  yearn 
use  of  his  mechanics,  bis  geometries  and  calculations,  he  ekher  ao- 
knowledges  that  he  himself  Jinows  nothing  of  the  matter,  or  ebeto 
Ae  mortification  to  find  that  nobody  approves  of  hisjysttnu  The' 
systematical  philosopher,  who  thinks  himself  Ignorant  if  be  know  not 
because  of  what  he  sees,  passes  his  whole  life  in  the  pursuit  of  Jtottij- 
Witietp  and  becomes  useless  to  th«  rest  of  mankkxl  by  being  bniied 
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ulive  in  his  closet.  The  sailor  makes  use  of  what  his  senses  inform  him 
t>f,  the  direction  of  the  loadstone  towards  the  north,  and  by  its  as- 
sistance voyages  to  the  end  of  the  world.  Make  choice  often  thousand 
other  informations  of  fact,  and  you  will  hardly  find  one  of  them  biit 
what  is  of  service.  Our  fortunes  will  be  better  ui  proportion  to  this 
sort  of  knowledge.  Would  you  seek  af^er  the  causes  of  these 
effects?  You  will  mefet  with  nothirtg  of  certainty  or  use.  Can  we, 
afler  fhis^  mistake  the  intention  of  God,  in  the  measure  of  under- 
standing whfch  he  afibrds  us  for  oUr  present  instruction'? 

It  is  evident  that  we  have  no  universal  knowledge.  The  objects 
of  our  pursuit  are  scattered  round  us  upon  the  earth  and  in  the 
-beavenl  God  has  given  us,  together  with  eyes  and  understanding, 
a  fund  of  curiosity  which  stimulates  us  from  one  object  to  another, 
that  new  experiments  niay  enable  us  to  procure  new  conveniencies 
for  our  brethren;  and  that  every  thing  upon  earth  may, by  degrees, 
be  put  to  the  best  use  for  the  profit  of  mankind.  But  though  a  man 
can  go  on  a  stretch  from  Brest  to  Pekin,  it  does  not  h)llow  that  he  can 
go  to  the  moon ;  ot  though  he  hav«  a  pHnciple  of  power  in  his  hands, 
that  eoayeshim  to  sappdri;  piles  of  oak,  and  great  blocks  ^f  marble 
hi  the  air,  this  is  no  reason* why  he  should  attempt  vlith  his  levers  to 
idake  iht  moon  fly  off  from  lierorbtf,  or  to  fia  hb  pullies  to  the'body 
of  Jupiter,  to  f«b  him  of  one  of  his  satellites.  As  tifan's  strength  k 
limited,  so  likewise  is  his  kiiowledge^'atid  these  ^onds  are  mailed 
to  his  wants.  He  meets  with 'opposition  every  wher^  when  he 
enters  upon  idle  speculations.  But  he  proceeds  from  dbcovery  lo 
discovery,  which  dbcoveries  work  miracles,  whea  he  elnploys  him» 
^f  in  making'  the  best  use  of  that  which  is  abwt  him.  Our  reason 
is  always  attended  with  success  in  uniting  the  truths  of  expetienca 
with  the  necessities  of  life,  in  making  a  pnident  use  of  the  benevo- 
lence of  the  Creator,  and  in  givjbg  him  the  glory.  This  is  the  sum 
total  of  human  knowledge/ 

:     •         iAbbi  le  Phehe.  Spec,  de  la  KOun:} 

We  haii  given  die  above,  not  because  w«  approve  of  the  philo- 
sophy of  the  vortices,  but  as  contaiaing  a  tolerably  fair  view  of  the 
theories  that  pre<teded  ft  5  and  a  curious  specknen  of  the  different 
jnodes  by  whicb  this  philosophy  was  adhered  to,  io  opposiUon  to  the 
doctrine  of  universal  attraction,  as  long  as  it  corfd  posslWy  be  d«. 
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CHAPTER  I. 


geognosy;  or,  thg  Bioctbinb  of  the  origin  ak» 
genbsai.  structure  of  ths  earth. 

U  w  1>RR  tbe  Womeram  system  of  Hteertilog^^  the  tent  GM^  b 
alto^ther  leltd^uishecl,  or  only  iacideBtSdly  referred  fo^  i»  import^ 
ing  abstract  attd  innf  ktary  spectilatioiis  conoeming  t&e  formartioii  of 
the  Ea^th :  while  the  ioiBiediale  Iwaiieh  of  icfcnce,  designed  to  be 
glaliced  %i  in  the  present  chapter,  b  deBominated  Geognosy.  We 
have  no  objectioii  to  the  faut.terfai  ni  the  s^nse  thus  signified ;  biit 
shall  rcitore  the  term  Geokgy^  and  einploy  it,  as  its  derivation  wiM 
readily  justify  o«r  doing,  in  «  dartific  form,  imporlltig  the  general 
doctrine  of  the  iaatih  in,^its  insentient  or  unorganised  frame;  mM 
consequently  as  cowprisiiig  eqiially  its  whHrtmikan,  svpeirfiaal,  and 
A/ifMjpAmca/ phflBttomena. 

Befofre  we  enter,  bowevcr,  U(k>n  these  pWicuIw  parts  of  our 
soy  ect>  k  b*<iomes  ufr  to  oflfer  a  bti^f  view  of  what,  so  fer  as  we 
are  capable  of  determining  from  an  actud  Survey  of  nature,  appeal 
to  ha^  bfeeii  the  Origto  tf  ihd  *arth,  as  to  its  present  structure  and 
constitution,  comprising  that  introductory  branch  of  geological 
adience,  wlScb,  as  we  have  aiftady  observed,  ph>fess6r  Wetnerbas 
dfetioguished  by  the  name  of  Geognosy^ 

, .  Theol^ect  of  Geognosy  is  to  ubfold  flife  general  mtike  of  tfte 
^obe ;  to  discover  by  what  causes  its  patts  have  b^ien  arrati^i; 
irom  wftdt  operations  have  orijgmated  the  gedend  stratification  tf 
its  materials,  the  inequalities  with  which  its  surface. Is  diveraified, 
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la  fMrsttiog  this  kivestig»tH»i>  tnlmy  (difficulties  oecar  to  iml  The 
baie  Mlface  or  iwre  cfval  of  Umi  solid  substance  of  Hiie  earth  k  the 
wliok  thtf  fve  are  capable  of  boring  into»  or  of  acquiring  a  luiowi- 
ledge  o^  evea  bjr  the  ^deepest  clefts  of  volcanoes^  or  the  bottonoii  of 
4fae  deepest  sea^.  Itiis  oot  oflen>  bowever>  tbftt  we  bave  a  poaai* 
biUty  of  eKamiuing  either  seas  or  volcanoes  at  their  bottom;  th^ 
johabitlfole  pm^  of  the  |^be  bears  birt  a  small  portion  to  the  uninp 
i»bitBble»  iLnd  tbe  ciWiiced  am  mfinitelir  sBialler  prnportioii  sliH. 
Heoce^  aur  experienoe  mmt  be  iiecessarily  extreme]^  limited^n 
llmosaBd  6ets  mi^  be  neadtly  ceaceived  to  foe  unfolded  that  we  aite 
imiapeble  of  acceoaling  iot,  and  a  variety  of  theories  aie  daily  dii^ 
jsppcarmg  irfaife  other  tfaeofies  are  starting  up  in  tfaeir  ^ad. 

So  &r  as*lhe  aapalfraes  of  tbe  caiib  has  been  hud  open  to  us  by 
wmriasB^  riven,  amn,  &c«  wc  find  it  composed  of  stony  masses 
smaetimes  simple^  wA  bttie#stiine^  iier{]iciitiQey  or 
ftecpmptly  coilipomid»  or  compaaed  of  two  or 
rials^  variously  mixed  mid  umted  to^^bex,  9s 
compositioD  of  qaaitz^  febpiN*!  and  mica.    1 
or  roichSf  are  numerous^  and  they  appear  to  be 
other^  so  that  a  rock  of  oile  kind  of  ;atooe  Is  < 
ipecies  of  rock,  and  this  by  a  tMxi^  and  so  on. 
lion  of  rocks^  it  is  easily  obseTvabVe,  that  thi 
mMtary ;  ^vely  stratum  occupies  a  determfoate 
follow  each  ^tbtr  in  regfUat  order  iiiom  the  < 
lesrtb's  crmt,  which  has  been  «zattiiined,  to  the  v 
then  aise  two  tbmgs  ruspectiDg  rocks,  that  p 
atteoiioii;  tbeir  coastMMAtion  and  their  relative  s 
sicks  the  ff6cks  which  constitute  the  earth's  crui 
laassas  whicb  most  »|sp  bf  ooasidored.    Thesi 
in  a  diH^rant  directioBy  and  use  kiiown  by  tbe  cij 
the  iocIk^  bad  split  asupder  in  ^Mferent  places  tirom  Mp  to  bottoa^ 
mid  tke  chasms  had  been  afterwards  titled  up  witli  tiie  m^ilxf  wbick 
coiistittttes  Ihe  vein* 

iodofNaiideiiUy  of  tbfe  sAstauces  thus  ppi^eeptod  (a  us,  i  we*  med: 
with  facts  that  prove  roost  decisively  that  the  geaer4l  asiss  has 
wndergona  various  revblations  "at  various  tim^s,  atid  revoiortionsnot 
#idy  of  ||tt$t  ftotigfiitj;  bat  of  universal  extents    We  h^re  the  wmi 

G4 


Digitized  by 


Google 


ftStt         OBIOIN  AfN^  STmtCTUBS  OF  TUB  BABTfl.  . 

traesLamplod'  proof,  that  its  whde  surfiwie  tiu  been  covered  wik 
vrater,  and  that  every  part  of  it  lias  suffered  change;  mountaiiit 
have  been  raised,  plains  levelled,  islands  separated  from  a  oortiaeiit, 
nnd:  the  waters  collected  so  as  to  leave  an  elevated  Ipnd.  *  We  §ai 
it  di^ult  to  conceive  causes  adequate  to  the  production  of  soch 
effects;  and  operations  sa  immense  seem  too  remrte  from  aoy 
means  of  investigation  which  we-  possess,  to  admit  of  iieing  ex- 
plained, 

.One  point,  however,  in  the  midst  of  all  the  inttka^  that  sur- 
rounds us  still  remains  decided,  that  the  shell  of  tlie  globe  has^  at 
some  period  or  other,  been  in  a  state  «f  fluidity, -and  that  ton 
this  circumstance  has  arisen  its  present  arrangement  Now  the  only 
two. causes  that  can  enter  ii^'the  mind  of  man  as.  being  ccMnpetcat 
to  such  an  effect  are,  the  operation  of  fire,  or  of  sopseaolveitf ;  md 
hence  our  researches  become  in  some  degree  limited  to  the  in^iify 
by  which  of  these  means  this  effect  has  been  iacfaioed*  If  a  solveirt 
have  been  the  cause,  that  solvent  must  have  been  water,  fmr  there 
is  no  other  fluid  in  nature  in  sufficient  abundance  to  have  a^ed  the 
part  of  a  solvent  upon  a  scale  so  prodigious. 

Hence,  then,  two  distinct  theories  arise,  which  appear  to  have 
been  agitated  with  considerai|le  warmth  in  fonner  times,  bat  with 
-a  much  greater  degree  of  warmth,  and  much  deeper  view  of  the 
subject,  in  the  present  day.  Is  the  present  structure  of  the  solid 
contents  of  the  earth,  so  far  as  it  is  capable  of  es^amination,  the 
result  of  igneous  fusion,  or  of  aqueous  solution?  Is  the  Plutonic 
or  the  Neptunian  system  founded  on  the  strongest  basis  1  In  andent 
times  Heraclitus  took  the  lead  as  to  the  former;  and  iThales,  or  n^ 
ther,  perhaps,  Epicurus,  as  to  the  latter.  In  our  own  period,  though 
the  Plutonic  theory  was  first  revived  )>y  M.  Buffon,  or  rather  pei^ 
baps  by  Hooke,  its  defenders  are  now  chiefly  .confined  to  our  own 
country,  and  conrist  of  Pr.  Hutton,  professor  Playfiiir,  and  very 
lately  of  Sir  James  Hall ;  names  unquestionably  highly  respectahie, 
aud  entitled  to  every  deference,  but  mo^t  powerfully  opposed  hy 
the  respectable  authorities  of  Werner,  De  Ssiussure,  and  Kirwan,  not 
to  mention  that  the  general  voice  of  geologists  is  very  considerahly 
la  favour  of  the  Neptunian  theoiy,  or  that  entertai|«^  by  the  hut* 
mentioned  philosophers. 

.  ^lutonic  Theory, — 1.  According  to  this  system  there  is  in  the 
#irii:itance  either  of  the  entire  globe^  pr  throughout  Xkp  futiie  cimt 
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of  it  ividi  ii4iidi  we  are  ae^otteled^  a  regular  series  of  "itaiy  and 
noQvi^ii^  and  tbe  processes  by  which  these  are  affected  hu9t  an 
luuform  rektion  to  each  other*  The  hardest  rodts  are  worn  down 
by  air  and  water,  causes  which,  howerer  slowiy  they  may  operate, 
aoe  constant  IP  their  action,  and  whichj  therefore,  in  indefinite  time, 
mast  he  equal  to  the  production  of  the  greatest  effect  From  the 
figam  of  tbe  surface  of  the  earth,  the  decayed  materials  must  be 
carried  towards  the  ocean,  and  uttimately  deposited  in  its  bed. 
'Thistmnqportadbn  mvj  be  impeded  by  local  causes,  or  may,  hi 
general^  be  eitremely  slow,  yet  from  the  declivity  of  the  land  it 
-flsast  oeoenarily  take  place,  and  oMiy,  therefore  be  admitted  as  an 
unifiNrmly  operating  cause. 

3»  It  is  fuitber  assumed,  that  at  certain  depths  in  the  mineral 
jTc^ipQs  as  unmease  heat  is  constantly  present;  a  heat  uliich  ope* 
lales  in  the  fusion  and  consolidation  of  tbe  substances  deposited  m 
these  legloas*  T^  the  aetiou  ct  this  subtemmeous  fire  the  forma* 
tion  of  aft  our  strata  is  attributed,  for  by  this  they  are  again 
subtkwd,andi^xposed  to  view  in  diffitrent  states  of  combiuatioti 
and  perfection.  These  sti^ata^  therefore,  coosbt  of  the  wrecks  of  a 
fonner  world,  which  have  been  more  or  less  completely  fused 
by  this  agent,  and  by  subsequent  cooling  have  been  consolidated. 
J  The^sabterraneous  fire  to  which  these  effects  are  ascribed  is  con* 
ceived*to  opelate' under  the  modification  of  compression,  in  conse* 
qnenee  of  which,  ftom  various  fiicts  appealed  to,  and  to  a  certam 
estent ;  confirmed  by  some  v«ry  valuable  experiments  by  Sir  James 
Hall^  (provided  those  experiments  should  bear  the  test  of  fiirther 
•en^pniy)  it  seems  pretty  cleariy  ascertained,  that  when  certain  gasses 
appertaining  to  Ae  fiisible  substance,  as  carbonic  acid  for  example, 
are  rendered  incapable  of  flying  ofi;  a  much  les»  quantity  of  actual 
heat  is  sufficient  for  the  purpose  of  fusbn,  dmn  when  such  gasses^, 
freed  from  a  heavy  superincumbent  pressure,  have  a  possibility  cC 
jescapmg.  ISxm  the  ss^erraneous  fire  being  placed  at  immense 
.depths, thesubstanees. on  which  it  operates  must  be  enormously 
ixiropressad ;  which :  compremion:  will  prevent  tbtir  vohoSization  m 
^iriioleorkipart:  and  from  this  drcnmstmce  it  is  possible,  we  are 
toM,  to  exj^ain  appearances  and  qualities  in  minerals,  and  to 
answer  various  objections^  which  would  otherwise  weigh  heavy 
.against  thie  hypothesis. 

j9*  ThedeyAtionofthe  stftttaisift  lft;e]paBner  the  result  of  this 


Digitized 


by  Google 


SM         OAlGIli  Airp  MtLfSCTVtLM  Of  TttS  MAMtB. 


\mtbiW9i^0mhmU  nndiii$tm^m4oiik^wmllmghotilm 
^dwive  mid  ^MrciUe  powtr  which  is  hereby  prodttMLcmbe  AMy 
fNHimv«d4idfi^ttat«  to  Mich  flo  etttcU  .    . 

The  firat  of  ibese  posHioot  k  odt  tery  objcctiooidble,«sd  as  far  tk 
lidatea  to  iti  geoerai  principle,  separsted  Itoin  the  potitmii  with 
which  it  is  cooneded,  may  be  wkakted.  It  oMiy  he  allowed  by  the 
)f eptHaiatt  as  well  as  by  the  Phitoaic  gKologiit,  that  the  strata  of 
the  earth  are  liabk  to  wasted  and  that  the  raatedals  are  carried  £oiv 
ward  to  the  ma.:  but  the  appearance  of  liaM*8toiies.aiid  nmUes 
ooataiaiBg  shells^  in  which  the  sparry  straeture  is  as  perfect  as  it  k 
in  the  priinary  lime^ftoaei  ai^d  uifA^Ucbaiediitribitled  fdntof  cry* 
stallijEed  carbonate  of  lime,  this,  and  a  variety  of  facts  like  this,  arast 
Ht  all  tinwB  militalr  fttally  agaiast  Iha  ageDoy  of  fire  in  the  produo* 
tWi  of  sdch  sparry  stamctme,  and  tiich  veins  of  cryslaifiaatiaii ;  lor 
ip  every  initance  in  which  it  is  fowid  sufficient  to  produoe  soeh  a 
stractare,  it  inast  neeesiatUy  have  destroyed  every  .aeatigft  of  the 
strocture  of  the  shells,  aad  btvoNitofrther  diasip«M  dbc  oarbaaic 
aeid*  neoessai^  for  the  veins  of  crystaUteed  caibotiale  of  lime* 

Against  the  second  position  the  ol^tioos  ase  indeed  strong^  and, 
if  we  mistakenot^  iasaperable.  *'  It  m  not  fire,  says  Mt.  Playfiur»tfi 
the  asual  sense  of  the  word,  but  heat,  which  m  leqniMd  fte  tbh 
purpose;  and  there  is  nothing  chimerical  jti  sonming  tiMt  nature 
lias  the  meaoa  of  produeing  heat>  even  in  a  veiy.gaeM  degoe^  witi»* 
^iit  the  asnabMice  of  fnal,  or  of  vMai  air*  Ffficdon  is  a  sonroe  pt 
heati  unlinuted>  for  what  we  know,  in  ite  exteaftt  and  so  perhaps 
ait  otiier  operations,  both  dmwical  and  oechanical;  nor  at^  either 
iDoariiustiMe  substancas  or  vital  ak  c<MM)amed  in  the  heat  tbnt  pr»* 
dttoed.  So  also,  the  heat  of  the  sm'^  rays  in  the  jfocns  of  a  bmnnv 
ffa«S  the  mort.  intoise  that  is  knowoi  i$  independent  of  the  adi- 
^Itancejttst mentioned;  andlhdughthe  heat.weuid  not.cakinea 
metal,  nor  evt&inwa  a  piece  of  wood»  wilhont  oj^gieaoos  gn,  it 
Wo«ild  doubtless  prodace:as  high  a'.t^nptsatnre  in  the  abseqceas 
iti  the  presence  of  that  pmJ"  Frois  these  and  otb^  experiment 
iiecanchnieB,,^*thatitiHAabtordt6snppoee^thattheheatofgiWt, 
deoec^  and  fixed  bodiss  may  he  dshistt&ied  by  thofrealneesof  the 
bodies,  and  the  mutual  actka  ahd.4-anotian  between  them  and  the 
Aeat  .they  emit'* 

In  reply  to  this  argument,  which  we  adroit  is  w^j  mgnatwty 
mrtu^^tO^it  ift  fimUy  adie4  hy  ittie  antfaM  of  the  Compaiativc 
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Tkw  of  the  tw<r  systems,  in  direct  replf  to  Mr;  Phijfim^s  IHibtnN 
ttoos  of  the  Httttoniaii  Theory,  ^  To  If  hat  purpose  are  thdvaarioUi 
$otirce8  of  beat  eaamefated  in  this  reasoning  t  .To  pi^e  that  it 
ai^y  exist,  0r  be  produced  independant  of  bnnihig^  This  w3I  be 
readily  grantM ;  but  the  reasoning  can  prove  nothing  farther,  it 
can  be  satisfactorily  shewn  that  any  of  the  known  causes  of  Jieat 
kte  as  ittcapabie  of  producing  it  in  die  interior  parts  of  thef^lA^  to 
Aat  eittCBt  which  must  be  supposed  b  the  Huttontas  theeiry,  al 
eKttnbttstioii,  whicll,  eteii  by  its  defenders,  is  eoofeisMl  to  be  hntdi^ 
^uate  to  that  purpose.** 

tn  tegard  to  the  third  general  position,  that  tiie  8trata>  after  h«K 
kig  been  fused  add  consolidated  by  subterranean  beat,  ate  devated 
by  the  same  power,  the  sam^  geneitil  cijection  il  iq^t^iddblo;  wbidi 
bas  been  already  urged  agaitist  the  preceding  principle,  fit;  tbe  dtl^ 
ficulljr  or  impossibility  of  obtaining  and  preserving  a  degree  of  fa^ 
sdScieHt  for  such  a  purpose.  And  even  were  this  gitmted,  no  priafc 
C^le  is  pointed  out  iu  the  theory,  by  whttb  the  actioii^  of  sadi  4 
power  cak  be  leguIaM ;  why  it  n^ay  not  toti<^te  or  tie  loo  hmk 
f^  its  due  season  of  :action,  and  be  as  often  the  cause  of  faovet  an|i 
ilftordte,  as  it  is  asserted  to  be  the  regahn*  and  pnfootdained  inftnl> 
n^  of  th^  Yenofwtion  of  a  continent*  Hence  the  principie'asiuitlei 
ii  at  Oi^ee  gffitttitotts  and  itoiprobaMe. 

*>  In  a  woifc  IraMriefced^  like  tbe  present,  to  aaitow  extent  ib^the 
iSscassioii  of  the  different  artieies  ^  which  it  is  eoibposM/  it>ii 
ftlwajfs  a  poiift  6f  verf  eon8ideinb!e>coape^pience  to  detect  iisaptj^ 
able  objections  to  a  system  in  limine;  for  it  eilable^  in  wnteta* 
k^t^riate  iMiny  of  bis  pdges^  wbksh  wonM  otberwise  be.devited 
Id  tbe  same  subject,  to  inquiries  of  more  importance,  fooeanseifeatijd 
on  a  fimfer  foundation.  If  the  objeeiions  to  tbe  Plutonic  thioetj^ 
aft  alMNiy  u#g^,  few  as  tbey  are,  beconeei^d  dec§snie(aadwe  can 
fcarcely  ims^tue  any  otter  venM^  Irotn  our  rodersV  ^^  nniy  mM 
'  ke  saved  ^  tkoable  of  paiMklg  out  those  inteonsisttKclea  Jt  lahbnas 
ttiMkr,^  as  well  in  regard  to  the  actbal^liok  of  tnady  of  the  stoqr 
fiodkM  ot  tiie  globe  coateoipbited  in  mass,  as  in.  die  applearances  atid 
firoperiiet  of  indtfidnal  Ibssils :  thoi^  we  fetl  fterftnaded  that  tbe 
biflinwiils  Tfesldting  ^nak  a  nlnmle  investigatiesi  ihto  both  those 
IMintSi  woM  be  altt^etier  a^  comitate  aa  m  the  ^^^uMitoof  pciii« 
dple.  It  is  anficient,  however^  to  observei  thirt  notwifh$tandiMg  itn 
of  ftactlu%  andeaitent  of  applktatioO,.  «alnidi«(^ 
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kg  the  spedoQsnens  of  iti  €rst  imroduetion,  abd  the  talents  with 
fihich  it  has  been  supported,  the  Plutonic  theory  is  built  upon  as- 
•uniptioii  alone.  It. lays  down  principles  which  it  cannot  support, 
and  in  stating  obsetvations  to  other  theories^  it  rather  clears  the 
way  fbr  the  advance  of  something  unborn  than  establishes  its  own 
positions. 

Neptumecn  lA^ory.-^Under  this  view  of  the  origin  and  struetote  of 
the  globe,  less  superb  indeed,  but  possessing  a  nmch  wider  appeal 
to  facts  than  the  precedhig,  it  is  conceived  that  aqueous  solution 
bas  been  the  agent  by  which  the  phaenotnena.on  the  superficies  of 
Ae  globe  have  been  pr6duced.  It  is  cooceividd  ihat  the  materiab 
of  winch  our  shrata  consist  were  at  one  time  dissblved  or  suspended 
in  water,  tod  that  firom  this  fluid  they  have  successively  consoMdated 
in  various  combinations,  partly  4>y  erystallhsaftion,  aud  partly  by  me* 
Dhanical  decomposition.  Granite  being  the  rock  which  composes 
the  most  elevated  part  of  the  globe;  and  which'  tih^wise  fbnns  the 
basis  on  which  the  greater  number  of  the  strata  rest,'  is  supposed  to 
bave  been  first  formedi  the  diflerent  parts  of  which  it  conflsts,  felspar, 
Quarts  and  mica,  havuig  concreted  by  a  crystaMixation  nearly  snnal* 
laneous.  This  is  conceived  to  have  been  accompanied  with,  and 
followed  by»  a  rimilar  coosoHdatioa  of  the  «llier  primklve  stfata^ 
gneis,  micareous  schist,  argillaceous  schist,  porphyry,  quartz,  &u 

Those  rodcs  compose  the  chief  elevations  of  the  globe.  They  Hre 
ilever' found  to  contain  any  organic  remains,  and  jof  ooursis  IhA 
fimnation  must  iiave  been  prior  td  the  existence  bf  the  vegetaUe 
and  anhnal  kmgdonis.  ;     .  : 

From  the  period  of  the  formation  of  these  ;strat«»  it  is  contended 
that  the  water  covering  the  surface  began  to  dimiitish  in  height  by 
jeturing  gradually  into  cavities  in  the  internal  pans  of  the  ^rtk 
And  if  we  may  be  permitted  to  ieour,  1^  an  efibrt  of  the  ima^vm- 
tion,  to  that  epocha  in  whieh,  according  to  sacred  and  profane  his* 
torian^,  (he  water  and  earth  were  confounded,  and  the  confused 
mixture  of  all  prinrii^es  formed  a  chaos,  we  shall  set  that  the  huvi 
€f  gravity  mhercnt  m  matter  nnist  have  carried  it  down,  and  nece»> 
sarily  produced  the  arrangement  which  observhtion  at  present  ex^ 
bibits  to  us.  The  water,  as  Ihe  least  heavy,  must  have  pureed 
itself,  and  arisen  to  the  surface  by  a  filtration  throng' llie  other  «•> 
terials:  while  the  earthy  principles  must  have  ^pieciintited,  "^d 
formed  u'lkrad^  in  which  pdl  the  elements  of  stonetf  weieconfonadedL 
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lo  rins  verj  oattmj  order  of  tbiA^^he  generil  bvr  of  atfoitieSp  wUch 
coatinuaUy  tends  to  briog  together  all  .aiidogo|is  parts,  must  have 
exerted  itself  with  its  whole  /activity  upon , the  pri(Ki|>les  ^rf*  this 
almost  fluid  paste*  and  the  result  have  been,  a  number  of  bodies  of 
fi  more  definite  kind,  in  crystals  more  or  less  regular;  and  from  tiiw 
moddy  substande^  in  which  the.  principles  of  the  stones  were  coa» 
fbonded  that  compose  the  granite^  a  rock  must  have  been  produced, 
fsontaining  the  elementary  stones  all  in  possession  of  their  distinct 
ferais  and  characters*  .  In  this  manner  it  is. that,  we  observe  salts  of 
very  diffierent  kinds  develop  themselves  in  waters  which  hoM  them 
in  solution ;  and  in  this  manner  it  still  hxppetiH  that  crystab 
of  qjiar  and  gjiwimi  are  formed  in  clays  which  contain  their  co^m>« 
nentparts* 

It  may  easily  be  conceived,  that  the  laws  of  gravitation  must  have 
jnfluenoed  the  arrangement  and  disposition  of  the  products*  The 
4tt«st  gross  and  heavy  bodies  mnst  have  fallen,  and  the  lightest  and 
aoft  .attenuated  substances  must  have  arranged  themselves  on  the 
lujrfiice  of  the  foregoing ;  and  this  it  is  which  constitutes  the  primi* 
live  jcUsts,  the  gneis^  the  rocks  of  mica,  &c.  which  commonly  r^ftm 
upon  SMi^ies  of  coacse-gnuned  gmntte.  The  dispositk>a  of  the  fine* 
lfmiaed.gttmte  in  strata  or  beds,  aiH[>ear3  to  depend  on  this  posi^iosb 
and  the  fineness  or  lemiity  of  its  pai;ts.  3(^ii%  p^ced  in  immediate 
contact  with  water,  this  fluid  must  naturally  have  influeufced  the 
wxanfement  which,  it  presents  to  us;  and  the  elements  of  this  rock^ 
bring  sut^jected.  to  the  efiect  of  wavi^«  and  the  action  of  cprr^Uj 
Blast  have  formed,  strata. 

.  The  jrocks  of  gc^te  beyig  once  established  as  the  ground  work  of 
the  fluperficiei  of  our  globe,  we  m9y>  ff  om  the  analysis  of  its  consti- 
lieotpdnciplesy  ami  by  attendmg  to  the  action  of  the  various  agents 
capable  of  altering  it«  follow  the  changes  to  whicji  it  has  been  sub- 
jected, step  by  step. 

r  Wiiter  is  the  principal  agent  wfaoiie  effects  we  shall  examine.  This 
floid,  cdlecled  in  the  cavity  of  the  ocean,  is  carried  by  the  atpio- 
wpkue  to  the  to|^  of  the  most  elevated  mountains,  where  it  is  peer 
dpitnted  in  ram*  and  forms  torrent^,  which  return  with  Tarjous 
dflgmea  of  rapidity  into  the  common  reservoir.  The  uninterrupted 
pt^^fMTff  mid  ttU  inust  gradually  attenuate  and  wear  away  the  hardest 
Ko^,  and  carry  their  detached  parts  to  distances  more  or  less  con- 
M^letabk,.    The  actioi^of  the  air^  and  the  varying  temperature  of  th^ 
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itMsplwrt/AMiiiMfi  the  irtleiiiiallwi  aini  tlie  dtsMetm  of  dleift 
Mdu:  Hetit  Mi  upon  Iheir  saribee^  andmiden  itiaoreaeocflsiUe 
mmI  inoie  peaeCttUt  t#  tbe  w»t«r  wliieh  suecetds;  coM  <Kvide« 
then,  by  finettiiig  the  water  which  has  enterMl  hito  their  Idcturo ; 
the  air  ilsclf  affordi  the  add  principle,  which  attadu  the  Ihnestmi^ 
and  eaoses  it  to  eiloiesee ;  the  oiygeii  nnites  to  the  mm,  a^d  ea^ 
ffiatt  it :  insomuch  Mmt  the  eonciNrrcBCe  of  causes  fotoncs  the 
tfstmioit  of  piiucipies;  and  eonsequeati;  the  attmi  of  waten 
which  clears  the  snrface,  carries  awaj  the  products  of  deoamposi* 
tion,  aad  oMikes  preparation  fer  a  socoeedhig'  proccs^of  dtt  senie 


*  Thcfirst  eflfect  of  the  rain  in  therefore  to  depms  the  mounlnnSi 
But  the  stones  which  compose  them  must  remst  in  propoi^ou  to 
their  hardness;  and  we  ought  not  to  lie  surprised  when  we  observe 
pesdcs  which  have  braved  the  destructive  action  of  thne,  and  stitt 
rcfhahi  to  attest  the  primitive  letel  of  the  mpunttins  which  hav«^ 
dhappeared.  Thepiimiti^  todts,  sMce  hAccesdble  to  the  injury 
of  ages  as  to  the  animated  beings  which  cover  less  elevated  raouH* 
lahis  with  their  remains,  may  be  censideped  as  the  soarce  or  origin . 
of  rivers  Mid  stream.  The  water  v^iidi  M»  on  their  saiMnite 
iowt  down  hi  toneals  bjr  their  hiteral  surfluwe*  In  ito  coosse  it 
wears  away  the  soil  upon  which  it  inoessaotly  aets.  It  hoMows  ottt 
a  bed,  of  a  depth  proportioned  to  the  rapidity  of  its  course*  the 
quantity  of  its  waters,  and  the  hardtiess  of  the  rock  over  wMch  k 
Aows ;  aft  the  same  thne  that  it  carrier  along  with-it  pbrtioas  aad 
fragments  of  such  stones  as  it  loosens  in  its  course. 

Tbeieetones,  roHed  along  by  the  waiter,  most  Miike  togteher,  and 
hreiA  off  their  prq|ecMng  an^es  i  a  proeess  that  must  ipuehfy  haae 
aibrdedtiiose  rounded  ihits  which  ibiii  the  beds  of  rhrera.  These 
pehbks^  ans  found  to  dimimsh  in  siaci  in^^  proportion  to  the  dUstaoea 
from  the  mountain  which  afibrds  them ;  and  it  is  to  thb  caupe  ^lal 
Mri  IMrthes  has  referred  the  dlsproportioinie  megnkude  of  the 
pebbles  which  forni  our  ancieitt  worn  stones,  when  cohqparad  VRth 
^loie  of  modem  date;  for  the  sea  catcmding  ksdf  fotncify  aaadi 
more  fahmd,  in  the  direction'  of  tiie  Rhone,  the  stones  whidi  it  re* 
edved  from  the  rivers  and  threw  back  again  upon  the  sheaes,  had 
tiot  nmihrough  so  long  a  space  in  their  bedff  as  those  which  they 
at  present  pass  over.  Thus  it  is  tlmt  the  remains  of  ^  Alps^ 
twried  along  by  <iia  Rhone,  have  n^ccaivefy  covered  tte  vast 
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tm,  and  are  carried  into  seas^  which  deposit  them  in  Ufk^  p|bU# 
fiatbtsliMe* 

Tk»  polveffuleiit  remws  ^  m^witaias,^  or. the  p9wAfl||r  mkkk 
mpIIi  fr^m  the  nHmdiog  ol  tbeae  ^Mh  ^«  carj;ifd  atong  wMi 
greater  iMriUtythan  the  flints  tbepiAelvos:  th^  float  for  a  kng 
time  in  the  watef»  whose  tranefwency  they  im|Mir}  and  whep 
these  same  w:aters  are  kas  agk^ated»  and  their  couw  he^^mm 
staisk9nfi4»  they  are  df  pofi»ted  in  a  fl9«  and  ligbt  v^tp^  fymmg 
hed§  mane  or  less  thick*  and  of  the  aani^  nature  a^  t^at  of  4h^ 
rochs  to  wfaicb  they  owe  thehr  origin.  These  st^rata  gr^dni^ 
grow  drier  by -thi»  aggintinatioa  of  thew  i^inqipM;  thqr  beeome 
e4Qs«ten^  aeqnire  hairdness.  and  ibnn  siliceous  clays,  siiei,  f^etxSK 
sito»  and  aU  the  ibamerons  class  of  pebbles  which  are  fcmnd  dia- 
persed.m  stsata,  or  in  hanhs^  in  the  aodeat  beds  of  rivers.  Thff 
mud  Is  mndi  more  ftequm^ly  deposited  ui  the  iatefstices  left 
betateen  the  rooinded  flil^  th««iseliei,  whiiQh  intervals  it  SUkv^ 
there  ferms  a.  Irat  oensent  that  becoittes  hacd,  and  coaititntes  the 
co«ipoQa4  sloaes  luioawt  by  tte  naaae  of  paddaig>slooeg  j^dgni* 
atotnea;  foi  theae  two  kindi  of  stones  do  not  iq^pear  to  diffinr  bst  in 
the  coafseness  of  tbe  g«ain  whkb  Swm  tkim.  wi  tha 
wbieb  cogNwats  them  ti^har. 

We  sometwies,  obaecve  the  gwnjte  yM^anaawsly  4c 
Xhe  texture  of  the  stones  wiMcb  fom  it  has  bean  dealaoyed:;  tiR 
princifrfes  or  component  parts  are  disunited  and  aepan^ad»  aMi 
they  aet  gradaaHy  canrkd  9m9j  by  the  watats*  Water  ^iTkraling 
(luK>ugh  imHMtaina  of  pnaMtiaarad^  fr^qaeatly  carijes  aloiMg  wkh 
ft  iwry  iauitttely-dirided  particles  of  %aiMs ;  aad  peoaoeds  to  liaas* 
bydepoaiCi«a,stdact«tas,  agalas»voeketyalaii46C  ThaianimaKtaasf 
alabictitest  diffesenHy  oolonrad^  aie  of  •  fenwtiaA  onusidfiiahlf 
amiogoas  ta  that  of  mdcaraons  atobast^n;  m4  we  peraaiaa  «p 
other  diflerence  between  thcan  than  that  of  thrir  jWMrttmiyi  pwla^ 
Thna  iar  we  hava  eahibited»  in  a  iaw  words^  thepdnaipal  ahagges* 
wad  varioM  modificaliotts^  la  whkih  the  primitiwfrfMhi  havebeaw 
antQcc^ed:  4Fat  we  have  Mt  yet  obseeradeither  gsainiuatian,ef  lifw; 
and  the  metaH  aiil|]lmi;  «m1  Maaanii  haae  Ml  hidi 
Ahonadves  la  oar  obsemition.    Thpk  iaamaitioo  qqiaars  i 

posterior  lo  the  eidstewce  of  tUs  pnaiitifie  globe;  aad  «te 
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into,  teem  to  hsre  been  prodooed  by  the  tribes  of  living,  or  organ^ 
iied  beings. 

On  the  one  hand^  we  behold  the  numerous  class  of  shell  animals; 
which  cause  the  stony  mast  of  onr  globe  to  mcrease  by  their  retaains. 
Hie  q^ils  of  these  creatures,  long  agitated  and  driven  about  by  the 
Wvves,  and  more  or  less  altered  by  collision,  form  those  strata  and 
banks  of  limestone,  in  which  we  very  often  peroeive  impressions  of 
ttose  sheHs  to  which  they  owe  their  origin.  On  the  other  hand,  we 
observe  an  enormous  quantity  of  vegetables  tM[t  grow  and  perish  in 
the  sea ;  and  these  plants,  likewise  deposited  and  heaped  together 
by  the  currents,  form  strata,  which  are  decomposed,  lose  their 
organisi^n^  and  leave  all  the  principles  of  the  vegetable  con- 
Cmoded  with  the  earthy  principle.  It  b  to  this  sooree  that  the 
origin  of  pit-coal,  and  secondary  schistus^  is  usually  attributed ;  and 
tfiis  theory  is  established  on  the  existence  of  the  texture  of  decom- 
posed vegetables  very  usually  seen  in  schisti  and  coal>  and  likewise 
on  the  presence  of  shells  and  fish  in  most  of  these  products.  It 
appears  that  the  formation  of  pyrites  ought  in  part  to  be  attributed 
to  the  decomposition  of  vegetables:  it  exists  in  greater  or  less 
abundance'  in  all  schbti  and  coal.  A  woodeii  shovel  has  been 
fiMind  buried  in  the  depositbns  of  the  river  De  Ceze,  converted  into 
jet  and  pyrites.  The  decomposition  of  animal  sobstances  may  be 
added  to  this  cause ;  and  it  appears  to  be  a  confirmation  of 
these  ideas,  that  we  find  many  shells  passing  to  the  state  of 
pyrites. 

Not  only  the  marine  vegetables  form  considerable  strata  by  their 
decomporition ;  but  the  remains  of  those  which  grow  on  the 
surface  of  the  globe  ought  to  be  regarded  among  the  causes  or 
agents  which  concur  in  producing  changes  upon  that  8nrf)K:e.  We 
shall  separately  consider  how  much  is  owing  to  each  of  these 
causes;  and  shall  follow  the  effects  of  each,  as  if  that  cause  alone 
'  waS/Cmployed  in  niodifymg  and  altering  our  planet. 

1.  The  secondary  calcareous  mountains  are  coiBtaiitly  placed 
upon  the  surAice  of  the  primitive  mountains :  and  though  a  few 
solitary  observations  present  a  contrary  order,  we  ought  to  consider 
this  inverskm  and  denmgement  as  produced  by  shocks  which  have 
changed  the  primitive  disposition.  .It  must  be  observed  also,  that 
the  xlisorder  is  sometimes  merely  appareiit ;  and  that  some  natnral* 
ist^  pf  Utile  infonnatiott  have  described  diteneoiur  monoliins  a» 
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[  btti^siykh'ib^  |;iMike,'be^tisie  tfaislsst  fibrdes  Hmnigli  tf)« 
envelops,  itwBtQ  n  gr^after  li«i^t,  iind  kaves  nt  liis  iM,  idmM 
beneath  it^  tiie  cdcareous  reumios  deposited  at  fts  Vase. 

SMii^times  cfven  tlie  lime-«txme  fMs  to  a  very  gnmt  di^th  the 
CRvkes  <»*  elefts  fomed  iti  the  granfile,  «dme%iili<;8  ^istm,  ia  fta))» 
•ceasioBaHy  toatamiBg  petrilbctiorts.  These,  iH  the  Weni^ettei 
systefRy  ate  diHed  tulermediate  or  tlttesition  rock^  iSfic  ^ftrata.  It  Hkle^ 
wise  faaj^Mto  freqneatiyeilotigh  Ihat  mich  watettus  l^retoadcd  wittf 
the feiaaiiM  bf  theprMtive gtanile heap  them  together,  attd' fbMn 
ffBcotidairy  giaoiles  which  uMhr  eiist  above  the  cakareotT^  ^tone. 
These  cakaieoos  motuitaim  are  decomposed  by  the  .^ombM^ 
adieu  of  air  and  water;  and  the  product  of  Ibehr  deeompoifitioli 
goiiittiiiwis  forms  <diaUc  or  marie.  The  lightness  of  thte  ^a)Hir 
Mnders  it  easy  to  be  tran^)6deH  by  water;  and  this  flitid,  iH^ 
does  not  possess  the  property  of^ht^ing  ft  hi  -aoltltioh,  sbon  di^ponftt 
it  hi  the  ibtm  of  gui^s,  afcd>aster8,  stalactites^  &i;«  Spiin  owe  fhdr 
fonnation  to  no  other  eaose.  Thrir  crystallMtfoB  is  posterior  to 
tfie  origin  of  eriencoils  mouif(Hnis« 

Waters  wear  down  and  carry  away  calcareous  monntafais  With 
greater  ease  than  the  primitive  mountahis :  tliehr  remains  being  Very 
light,  are  rolled  dong,  and  more  or  less  worn,  m^e  fiagment^  of 
tiMse.rocb  ai«  s<mietmies  connected  by  a  i^iiten  or  celneut  of  fh«r 
same  nature  y  lirmn  which  process  calcareous  grit  and  brecchts 
arise.  These  calcareous  remabs  fcmnerly  deposited  themselves 
upon  t^  quartotes  and ;  and  the  union  of  primitive  matter  anit 
^econdat^  products,  give  rise  to  a  rock  of  a  mixed  nature, 

2.  The  motintam^  of  secondary  scbistas  freqoemly  exhibit  to  us 
a  pure  mkture  of  earthy  principles,  without  the  smallest  vestige  of 
bitumen.  These  rocks  aflbrd^  by  analysis,  silex,  alumhia,  magnesia, 
lime  in  the  state  of  cariNonate,  and  iron ;  principles  which  are  more  or 
less  united,  and  consequently  accessible  in  various  degrcfes  to  the 
action  of  such  agents  as  destroy  tiie  rocks  hitlierto  treated  of. 

The  same  prlncqiles,  when  disunited^  and  carried  away  by  waters, 
give  rise  to  a  great  part  of  the  stones  which  are  cpmprised  in  the 
mai^iesian  dass.  The  same  elements,  worn  down  by  the  waters^ 
and  deporited  under  chrcumstances  proper  to  facilitate  crjsfaltiza* 
twtt,  form  the  schorls^  tourmaline,  garnets,  &c.  We  do  not  pre« 
tend  by  thia  to  exduda  and  absolutely. reject  the  system  of  such 
mturahM  as  mttiibi^  the  fimkiation  cf  ma^tt^ftu  stones  to  tM 
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decompoaitipD  of  die  primkiTe  rocks.  But  we  tbiik  tjbat  UhI  fs0. 
uatiou  cannot  be  objected  to  for  several  of  them,  more  especially 
such  as  contain  magnesia  in  the  greatest  abundance* 
.  It  frequently  baj^pteus  that  the  secondary  schists  are  interspersed 
witli  pyrites ;  and,  in  this  case,  the  simple  contact  of  air  and  water 
facilitates  their  decomposition.  Sulphuric  acid  is  thus  formed, 
which  combines  with  the  various  constituent  priuipiples  of  the  stoae; 
whence  result  the  sulphats  of  iron,  of  niagnesia,  of  ^lumjna»  and  of 
Ume^  which  efflorej|«e  at  the  sur&ce,  and  remain  confounded  together^ 
Schists  of  this  nature  are  wrought  in  most  {^ces  where  alum  works 
lave  been  established :  and  tlie  mosjt  iabpripus  part  qf  this  under- 
^king,  consists  in  separating  the  sulphats  of  iro^  of  lime,^  and  of 
^lifi^^^a  from  each  other,  which  are  mixed  togetliefv  Sometimes^ 
^e  magnesia  is  so  abundant  that  its  sulphat  predominates.  The 
fulphat.of  lime,  being  very  sparingly  soluble;  in  water,  is  carried 
^!^^y  bythatliquidj  and  deposited  to  form  gypsum,  or  the  ear&of 
pjaster  of  Parb ;  while  the  other  more  soluble  salt^  remaining  suft- 
pendcd,  form  vitriolic  mineral  waters.  The  pyritous  schists  are 
frequently  impregnated  with  bitumen,  and  the  proportions  constiitite 
the  various  qualities  of  pit-coaU 

It  appears  that  we  may  lay  it  down  as  an  incontestable  principle^ 
that  pyrite  is  abundant  in  proportion  as  the  bituminous  principle  is 
more  scarce.  Hence  it  arises,  that  coals  of  a  bad  quality  are  the 
most  sulphureous,  and  destroy  metallic  vessels^  by  converting  ^hem 
ipf  p  pyrite. .  The  loci  of  volcanoes  appear  to  be  formed  by  a  schist  of 
tbis^  nature ;  and  in  the  analyses  of  the  stony  matters  which  are 
ejected,  we  find  the  same  principles  as  those  which  constitute  tbb 
schist.  We  ought  not  therefore  to  be  much  surprised  at  finding 
schorls  among  vokaqic. products;  and  still  less  at  observiiig  that 
subterranean  fires  throw  sulphuric  salts,  sulf^ur,  and  other  analo* 
gous  products,  out  of  the  entraib  of  the  earth. 

3.  The  remains  of  terrestriai  vegetables  exhibit  a  mixture  of  pri- 
mitive earths  more  or  less  coloured  by  iron:  we  may  therefotexon* 
sider  these  as  a  matrix  in  which  the  seeds  of  all  stony  combinations 
are  dispersed.  The  earthy  principles  assort  themselves  accoiding  to 
the  laws  of  their  aflinities>.  and  form  crystals  of  spw",  of  pUustcr, 
and  even  the  rock  crystals,  according  to  all  appearance :  for  we  find 
ochreous  earths  in  which  these  crystals  are  abundafitly  dispencd; 
we  see  them  formed  almost  under  our  eyes.    We  have  frequently 
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<A«erved  indurated  ochres  f6H  bf  tliese^crysfifll'terminaddg  hitwd" 
pyramids.  ' ' '  *^"     ''       ••"'."    *  •  '    '  ^   '  '  '     '"'  _*** 

Tlie  ochreous  earths  ajipearto  deserve  the  greatest  .^ttentidki^df' 
fltatiirafists.  They  constipate  one  of  ^tlie'  most  fertile  means  6f 
action  which  nature  employs;  and  ft  \i  ^ven  in  earths  neariy*  ^hnitar  ^ 
to  these  that  she  elaborates  the  diamond;  in  the  kmgdotns  of ' 
Golconda  imd  Visiapour.'  i  .  '  f. 

The  spoils!  of  animals,  -which  Hve  on  the  .suriUe  6^  tiie  sMbe,  ztif^ 
entitled  to  some  consideration  among  the  number- of  c^ses  whiel^'' 
we  assign  to  explain  the  Yaribil^  changes  oiir  planet  is  subjected ¥b. 
We  find  boiies  in  a  state  of  considerabltf  preservation  in  certttiii^ 
places;  we  can  even  frequently  enou^  distfngubh  thie  species  of^ 
the  ammak  to  which  Ihey  havie  belonged.  Prom  indications  of  this' 
sort  it  is  that  some  writers  have  end^voured  to' explain  \h^  disap- 
pearance bf  certain  species ;  and  to  draw  conclusions  thenii^,  either'* 
that  oiir  pfamet  is  perceptibly  cooled,  or  that  a  sensible  change  h§s 
takenf  place  in  the  position  of  the  axis  of  the  earth.  Th^  phbsphbite ' 
salts  and  phosphorus  which  have  been  found,  in  otir  time,  \t  combi*' 
nation  with  lead,  iron,  &c.  prove  that,  m  prop«irt9on  as  the  principles  I 
are  disengaged  by  animal  decomposition,  they  combine  with  othei^ 
bodies,  and  form  the  nitric  acid,  the  alkalies,  and  in  gen^nd  Ml  the 
muD^ous  kinds  of  nitrous  salts.'  ^.        «  :  *^  » 

In  examhiiag,  then,  (he  merits  of  the  antagonist  syrtems  (tf  geO*' 
logy-  now  offered,  we  have  no  objection  to  confess,  that  to  the- 
Huttonian  belongs  the  praise  of  novelty;  boldness  of  conception,  ahd* 
unlimited  extent  of  view.  It  aspires  not  only  to  aocount'  for  tbe' 
preset  appearances  of  the  earth,  but  to  trace  a  plan  by  which  the' 
formtion  of  successive  worlds  is  developed :  it'ileeks  to  extend  that 
order  and  arrangement,  that  principle  of  balance  and  restohibon^ 
•bservcd  in  all  the  departments  of  nature^  to  the  constitution  of  the- 
globe  itself. 

.  With  this  system  the  Neptunian  forms  a  peHed  contrast.  It 
pNSttBMS  not  to  cany  its  researches  beyond  the  commencement  of 
the  present  world,  or  to  extend  them  beyond  its  termination.  All 
the  ptonomena  of  geology  coospii^  to  prove  that  water  has  been 
die  great  agent  by  which  rOcks  have  been  formed,  and  the  surface 
^  the  earth  arranged.  It  does  not  pretend  to  deny  tfaie  existence  of 
Mbtemmean  fires  to  a  certain  extent,  or  that  many  of  the  pliaeno* 
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agency ;  but  it  does  deny  tiiat  such  ao  agency  is  the<  grand  pr  g|^r 
nil  c^^i^  c^f  t^  gex^g^l  Ifcti  ^i^  app$i|ifiKmit|i9t^  awrt  W  pn 
•Wm  Wife  WS  4«»W  still  fi^er  MX  ^^f^i^fyff  0^1^^  m- 
e^l  ]U>  ^  e^^i^  ^mpci^^t  $9  ^pb  an  nj^tpj^,  .^ ki|f  f ^  ^cii^iif^ 
ragiaint  in  iffl  iwf^ecl  9t^  dc^pt^^  f^^  ^  %^  iq  \hfi 
application  of  its  general  principle.  But  W|^  fljffv^^f  ;ifK»  '^piMi^ 
tiAcieii  with  f^  tfPP^fis  fwc  fio|rtri?#;l^   t^   kwifi*  JlM 

ffpn^  its  gfo^  c^#fi()«ttc^  with  ^^  ^onrnpgfHiy  fif  ti^e  flqlj 
%^tji}f4.  TV  l^osak  ?<^»unt  ii^f«d  t^fp^^  thf  BW)<«M  ff 

%e  qf  th^  ^qbe  fp  a  ijipit  in  ir|ijch,  'f  if  t^R  feqifs  be  m^f^oq^ 
k)  tb^^  stjic^  ^9^  iit^i^  W^  %  W«tiM  pliify>P>fP?r  pf  pa|ti^ 
Sff^  to  eripcc  flffit  thcj  5o^)d  npt  pQ.^%  |wit<b  wnffied :  for  |^ 
««!§ff^  *^  ^t''^  *^ A  <rf  €«•? 9^ipn  ^|t|^^i  th^  C9PyffiBs  cf  fii  ^ 
Iq  ^np^l^fr  p^rt  pf  tfre  §frip^tttfif,  lii^T^p?^^  V^  ^IT^^  W*wMf 
WWft  tl?atthe  i^poBL  i^Y0  JPSte^d  of  he|n^  r«^uf4  \o  fi  ffnglr 

rfwltt^w?  9^  ft?  wU>  ^owfl^  it*  ^Vh  km4^'^%  \p9i^^mi  mw 

period :  and  we  have  as  sonple  a  prqof  j^xpt|^  bpp)ci^f  f^VH^tbl 
•a^Wtjng  fiH9iB  Qf  tl^  ^axtl^  ^1^1 1^^  9h^4^%  9r  pPWl*  l^f^fePloM  tp  m 
t|^^  R{98?ip  f o/^B^If^  ippb^ppfilisi  rf  mi4^  fiwafPlf  4watiai  t|wii 
i^  imn;  4¥4im)i  ««v^lrtKmr^  W«  b?.Ye  i^.  t^^  P^^f  |iW9MI»  hi^ 
t^ry,  tbitt  .tbf»  9ftnif)  treniQS  iRFAr^  aaptqyed  ^^  ^  99yp^  fai^  of 
i»^niiig  by  f  b^  pfqpW  Pwifil.  Tlw  j»ten>?et«|^  K^)ti^im  i* 
ifUv^n  <m9 bi9«  l^a^^m^qiit fpsti^:  eiFf^sy  siAt^rftr^  ift  mnki- 
l9M«  »fld  th«  WP»A  «l4  wwk  <Ktb^  I^eity  ^u-c  ^  p^^JM^  iM«mi  ttib 
^ii;b  ptb«f .  7b9t  tte  Crp^lor  «ugbt  b%¥fc  pr^HP^  tb^  wb^  by  » 
smgle  and  instantaneous  effort,  is  not  to  be  denied:  but  9fi  both 
rfvela^ioi?  an^  ipativi  cflpfiir  in  WWli«f  *^  su*  WW«««I  the  ftct, 
*it  is  no  wore4m^toi;y  t^him  wilb  whoHifttb^itwiid  jtait  aif  hal 
%i  one  ^?iy^  ai^tfl  fiw  d|^y  a^j»  ^tOQsiMid  yew*  tq  ^oppose  that  he 
s^lot^  931  tbws99d  yf«4»  fo^tbo  c^«iple^  of  bia  4(k^  than  thai 
biee^K^tedit  ip?i3(^yi«  And  $n^y  theve  is  s(^elU«g  fti  9^i* 
ipagniftcent  in  conpeNqg  Ae  woi Id.  ti^  bate  pv9fN«ii¥«ly  attaM 
fvi»,  ordfir#  9o4  vilidi^  from  tba  mese  operatiwi  of  paami  i 
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«ittdic«t€d  to  it  m  d  state  cf  chaois^  of  un&skkiQjed  matt^i^^  thiin  iil 
tftipposing  the  actual  ^ud  persevering  exei^oas  .of  tile  Alihigbty  f^ 
adefinke,  ^Mon^lk  a  ^kottet  peri6d  of  time.^^^i/crr.  Ste  iilso 
Oood  «id  Gtigor^s  Pmnabgia,  zuA  Cmpair0pit  l^ptfimt^  tfij^ 
Hum^  and  NiepmfH^  Systemt  ofOiohff. 


€HAP.  11. 

BIStORt  Of  THE  GENERAL  BELUOE,  ANO  OPiNfOVS 
|CONC£ENINO  IT. 


SiSlTEBii  htiodfsd  and  fifty^stx  yeafs  sifter  the  e^urth  was  Bladfe 
ilAd  inhabited,  it  was  overflowed  and  destroyed  in  a  deluge  of  waiter : 
mfi  a  deluge  that  Ihtms'  natioDal  oAly,  or  ov^-hia  sotiie  particdAr 
icgioQ ;  but  that  oTenpnead  tbe.ibce  of  the  whole  earthi  firom  pok  i6 
pole»  a^d  6roin  eML  to  ^fitt  t  fini  tha(^  in  sach  exccbs,  thai  the  floods 
overarovered  the  tops  of  Ifae  highest  mountains;  the  ramk  desceh'd"- 
iilf*  after  aflfunusqal  mamnet^andthe  fohntttiarof  flie  ^htt  deq^  M* 
mg  brdkeii  ope^i » so  thata  genetal  diBstma^B  and  di^station  Were 
JNTOQ^t  updD  the  earth  aM  aH  things  in  it^  mankiiM  atad  other  \pr^ 
p«%  creatures;  excepttng  oniy  Noah  and  his  iannlyi  who,  by  a  sp^* 
^ial  providence  of  Gfodff  Were  ||Hreserv^d  in  a  ciertaiii  ^ik,  dt  yesstl, 
with  sacb  Idiids  of  H^ing  eiieatares  as  he  tobk  in  wiA  him.  4fter 
Aete  waterar  h«(  n^ged  for  some  time  oq  ihe  eart^;  |]iey  begs^  to 
liessiin  amt  shrink  9  indth^  great  wsives  and  fluctuatroh^  of  this  deeji^ 
Off  abyss,  btjngi^uietidd  bydeg^ees»  tihfe  waters  retired  i|ito  their 
idiamieb  antt  orverlis  withiii  the  etrrth ;  and  th^  mcmntains  and  fields 
liegan  tte  tlfifiButi  and'  the  whnle  habitable  earth  in  that  form  .aiod 
siHt|kr  wt^'n  we  odW  ^e-ib  Then  the  world  began  again;  and, 
fibm  that  littte  i^fnuanf  pi'ese^ved  in  the  ark,  the  present  race  of 
nankind|>  and  of  atifhml^*  in  the  kno^n  pmts  tf(  the  earth,  were 
pvopagaf^d.  ThUs  p4^bed  tht^  old  wqiM»  and  the  jlresent  aros^ 
from  the  ruinr  ^'  reiiiakis  !6f  it. 

This  is  ar  shoit  stdfry  of  tlvft  g^itfadest  event  that  ever  hap^ned 
in  the  in^ot«d:  1^^  ^ti*m  ife^olution,  and  t|ie  g^test  change  m 
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nature :  and  which  justly  therefore  deserves  to  be  more  particularly 
considered  in  all  its  circnnistanceft.  • 

That  there  was  such  an  universal  destruction  by  water,  aa  is  re- 
lated by  Moses,  is  confirmed  by  the  concurrent  testimonies  of  seve- 
ral of  the  most  ancient  writers  and  nations  m  the  world.  The  Chal* 
dean  records  give  the  following  account  of  it,  as  they  have  descend- 
ed  to  us  from  Berosus.  Chronus  or  Saturn  appeared  in  a  dream  to 
Xisuthrus,  the  tenth  of  the  Chaldean  kings,  according  to  the  table 
of  Africanus,  and  warned  him  that  on  the  fifteenth  of  the  month 
Paesius,  mankind  would  be  destroyed  by  a  flood:  and  therefore  com- 
manded him  to  write  down  the  original  intermediate  state,  and  end 
of  all  things,  and  bury  the  writings  under  ground  in  Sippara,  the 
city  of  the  sun ;  that  he  should  also  build  a  ship,  and  go  into  it  witb 
bis  relations  and  dearest  friends^  having  first  furnished  it  with  provi- 
sions, and  taken  into  it  fowls  and  four-footed  beasts  ;  and  that  wbeo 
he  bad  provided  evei^  thii^,  and  was  asked  whither  he  was  sailing, 
be  should  answer,  *  To  the  gods,  to  pray  for  happiness  to  mankind/ 
Xisuthms  did  not  disobey,  but  built  a  vessel,  whose  length  was  five 
furlongs,  and  breadth  two  furlongd.  He  put  on  board  all  that  be 
was  directed,  and  went  into  it  with  his  wife,  childfen,  and  friends. 
The  flood  being  come^  and  soon  ceasing^  Xbuthnis  let  out  certain 
bird?,  wbich  finding  no  food,  nor  place  to  rest  upon,  retmmed  i^;aia 
to  the  ship.  Xisuthms,  after  some  days^  ^t  out  the  birds  again ;  but 
they  came  back  to  the  ship,  having  their  feet  daubed  with  mud; 
but  when  they  were  let  go  the  third  time,  they  came  no  more  to  the 
ship,  whereby  Xisuthms  understood  that  the  earth  appeared  again ; 
9ud  thereupon  he  made. an  opening  betweftfi  the  plonks  of  the  ship^ 
and  seeing  that  it  rested  on  a  certain  mountaiUj  he  ^ai|ie  o«t  with 
his  wife,  and  his  daughter,  and  his  pilot ;  and  having  worshipped 
the  es^rth,  and  raised  an  altar,  and  sacrificed  to  the  gods,  h^  and 
those  who  went  out  with  bjm,  disappeared.  They  who  were  left 
behind  in  the  ship,  finding  Xisuthrus  and  the  pe|rsons  that  accpm* 
panied  him,  did  not  return,  went  oqt  tbeinselvesr  to  seek  for  hin^ 
calling  him  aloud  by  his  name ;  but  Xisuthnu^  was  no  moie  seen  by 
them ;  only  a  voice  came  out  of  the  air,  which  injomed  them,  as 
their  duty  was,  to  ]}e  religious ;  and  informed  them,  that,  on  ae* 
count  of  his  own  piety,  he  was  gpne  to  dwell  mth  the  gods  ;  and 
that  bis  wife  and  daughter,  and  pilot,  ifere  partakers  of  the  sane 
bonour.    It  s^lso  diinecte4.tt(em  to  return  to  Babyloo,  and  tbati  us 
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the  fttes  bad  ordained,  they  diould  take  die  wridogs  from  Sippara, 
and  conuminicate  them  to  mankind ;  and  told  them  that  the  place 
vrhere  4hey  were  was  the  country  of  Armenia.  When  they  had 
beard  this,  they  offered  sacrifice  to  the  gods,  and  unanimously  went 
to  Babylon ;  and  when  they  came  thither,  they  dug  up  the  writings 
at  Sippora,  built  many  cities,  raised  temples,  and  rebuilt  Babylon. 

Ttat  the  Egyptians  were  no  strangers  to  thb  event,  appears  not 
onfy  ftom  those  circumstances  in  the  stoiy  of  Osiris  and  Typhon 
mentioned  above,  but  from  the  testimony  of  Plato,  who  says,  that  a 
certain  Egyptian  priest  recounted  to  Solon,  out  of  their  sacred 
books,  the  history  of  the  universal  flood,  which  happened  long  be^ 
fwe  the  particular  inundatioBs  known  to  the  Grecians.  The  inliar 
bitants  of  HeliopoUs  in  Syria  shewed  a  chasm  or  cleft  in  the  earth  in 
the  temple  of  Juno,  which,  as  they  say,  swallowed  up  the  waters  of 
the  flood  *•   Nay,  the  very  Americans  are  said  to  acknowledge  and 

*  The  author,  who  mentions  this,  says,  the  Greeks  gave  an  account  of  the 
universal  deluge  (which  they  and  others  have  confounded  with  that  of  Deuca* 
lion)  too  curious  to  be  omitted.  The  tradition  goes,  proceeds  he,  that  the 
present  race  of  mfio  was  not  the  first,  for  they  totaUy  perished  i  but  is  a  se-»  * 
cond  series,  which,  being  descended  from  Deucalion,  increased  to  a  great 
multitnde.  Now  of  these  former  men  they  relate  this  story :  thiey  were  very 
i09olent,  and  addicted  to  uigust  actions ;  for  they  neither  kept  their  oatbs» 
iifif  wvre  hospitable  to  sUangers,  nor  gave  ear  to  suppliants ;  for  which  reason 
this  great  cajamaiy  befel  them.  On  a  sudden  the  earth  ppured  forth  avast 
^nantity  of  watc^,  great  ihowen  fell,  the  riven  overflowed,  and  the  sea  aros* 
to  a  prodigious  height  {  so  that  a)l  things  became  wat«r,  and  all  men  were  de* 
stroyed  i  only  Deucalion  was  left  unto  a  second  generation,  on  account  of  his 
prudence  and  piety.  He  was  saved  in  this  manner:  he  went  into  a  large  ark, 
or  chest  (x«fi«iMi)  whieli  he  JiaA,  together  with  his  sons  aad  their  wives  ;  and 
wbtn  he  .was  iii>  there  eAteicdswiiie  and  henct,  -and  Hoss,  aod  serpents,  and 
all  other  cfcatures  which  live  on  the  earth,  by  pairs.  He  received  them  aU, 
and  they  did  him  jiohort,  but  the  gods  created  a  great  friendship  among  them  ; 
se  they  ihiled  aU  in  one  chest  while  the  water  prevailed.  These  things  the 
Greeks  relate  of  Deucalion.  But,  as  to  what  happened  after  this,  there  is  an 
aiiei^wt  tniditien  amosig  thdse of  Hterapelit»  Which deeervesadmiration ;  vis. 
tiMt  in  their  comitry 8  great  chaan  opened,  attd  receivedaU  the  water ;  wherer 
open  Devcallon  erected  altars,  and  bnilt  the  temple  of  Juno  over  the  chasm. 
Tikis  same  chasm>  says  our  author,  I  have  seen,  and  it  is  a  very  small  one,  un^ 
der  the  temple ;  whether  it  was  formerly  bigger,  and  since  lessened,  I  cannot 
ten  I  but  that  wiflch  I  have  seen  is  little.  In  commemoration  of  thb  history, 
they  do  thus :  twice  in  every  year  water  is  brought  from  the  seato  the  temple, 
jBBd not  by  th^priestaoalyt  b«l  all^yria and  Arabia,  many  coaie from  beyond 
fttfifnicB  to  th*  sc^  aod  all  ciurry  water,  which  they  first  poqr  out  in  U^ 
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q^  of  itia  Hm^  cmtfMmU  gpd'WMire  tokU  tiMl  tktre  k  a  latOi^ 
tiona«i9ag  the  CbineKW  tbaA  Puosci^  iivith  his  fmUy,  escaped  dal 
of  tbe  ^meial  <Wuge ;  tboQgb.aDolWfi  /ef  piMoly^  asswts  tbe  ChioMfr 
aaoaI#  oiakeQoimiitioo  atall  oltiMfioodgajiAtbajtitis a  mistakaQiai 
tl)os€»  wbo  ipiogioe  tbey  doi;  Jiafr«W(t.il  seeiMr  tbek  histoiians.dtt 
spe^k  of  s^flo^db  wfakb^^ome  suf^pota  to  be  Ibat  of  )ioab»  bet  tbey* 
do  not  make  it  uoiveroal  \  Most  iialio«i«  bave  amao  tistditm  of  a 
delufe,  wbiob  bapp^a^diatthaar  acvspaeliTe  coaijtriei;  bul<kiiiait 
be  owned  at  the  saoift  ¥«i^»  tjhat  WfunA  oi  tk^m  weie  paftkular  in-' 
iuidation8on\y»aD4tOttg|bii(  tbaraf^rt^cafoftdly  to  bedistiogaisbediroat 
that  of  Noah ;.  tfaoagb)  aa^itot  and  aaodem  wrhan  fmqaeolly  omk 
foand.  tbefu  t/»getiiifrtt>  aitdarciiala  QbrfaMtaucea  of  tbe  one,  wbidb 
b^loftg  only  to  tba  cithar^ 

Sop^  di^altiosiivbkb.  aeeut  to  aUf od  the  Moaak  aocoontof  the 
dehige»  sucb/aa  tha  fiadiiig  out  waten  sidiemt  to  dfown  the  wctM^ 
and  the  improbabiltty  of  dl  sorta-ofaolmds  being  preserved  in- tbe 
arky  have  induced  some,  even  men  of  learning,  to  suppose  that  Noah*s 
flood  was  not,  qniversal>, but  national  only^  and  confined  to  Judaea, 
aod  the  ^^fcpnyaoeat  w^oi^  or  perhaps  to  that.tiadtofrlaiid 

I    ■■        ■        t    i.j     >»  ■>  w  >  ■  nn     r»»  ■    iQ  III    ■     t     III"  »■     u ' ■■ I.I 

temple,  aod  afterw^rdft  it  sinks  int«  the  obaBin^  whicby  thoogh  it  be  smaU^  re^ 
ceives  akandance  of  water.  And  when' they  dt>  tbis^  tlieywy  DeiieaHo»to8ti^ 
toted  tbe  ceretnoBy  in  that,  tenple,  asajnencuWcf  tho'Cidasiity,  and^ef  Kr 
dilifienuwe  l^om  it« 

«  An  Arab,  wbo<tRnrc^ed<iDto  CMiNiQbirat^iwItegiAiiiflgoftlie'Bfatlf  ccik 
tory,  giviaff  an  aeeount  of  a  convcrsathnrfae'  Ind  witk  tbe  Enpcfor,  aaHNig 
other  things,  says,  that  mentioniiig  the  floeil  to  thai  prioee,  omoccasio*  of  « 
pi«tare  of  Noah  which,  he <  shewed,  hiini,  and  teHiagbira^that  Ibat  propb»t^  aii#' 
thete  who  warn  saved  with  bias  im  tha  ads,  p0opi|ledi4b«'  wbale  eactb-;  tha  Eid* 
pcror  laeglM  and  J9id,.M  11iaa,affrsiat4lscoiiiod^iio»iba  aanc  06  liaalrt  bat, 
a%  to  the  universal  dehige,  we  know  nothing  4f(Ui  It  it>tne^  that  the  'd«iMg»' 
di4  drown  a  part  of  tho  earth;  butitdid  notreackso.faras^w  eo«a^,  onr 
yet  to  the  Indies*"  £ba  flhoknabt  nabs  the.  CMiicse  aaioag  tboie  wbor4eay»' 
the  flood. 

t  Not  oidy  Deacaliaii^f  iood/iaTheiBaly^  batibose  of  Ogyges  inAtdiBm^ 
and  Prometbens  ini  Egypt^  bava^'bean  tbpogbt  tbeaanB*  witbttetofi  WAi. 
Those  spolKen  of  by  tbe  Amcric9ns»ste»4o  have  .been  aatioaal  |.  as  wot  tHat*^ 
Asia  Minor,  mentioned  byDSodoros,  from  1  tbe  SansathnuiaQ.  tJcaditfiaB,.wbidln 
yet  they  p];etended<  was .  tbe  ao8t>a9cieat.o€  aU ;  to  olut  jerembolheri  em— a  > 
r^ted  by  Sir  W^  Ralcigh^sonie^of  nibichlie  has  takatfcfiom  tb#ipaiieoitSeiiO* 
p^on  of  Annias. 

it  M€lo»  who.wiolB'a*boofc.agaitisl4be  Jtm^^  sptnkiiiy  afe«be?^totoge,  leape 
ta«nake  itto|pieal|aad.aettabava'MaebedAiBienifeU'  IBiiNifdsjawtbinn 
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wjucb  lies  b^tweem  the  four  stai,  tiir  Pawio,  Cai|piui>  Btts^my^nA. 
M editenaoeao^  or,  atmott,  Kachtd  no  iarthts  tiiai^  the  contiMnl  of 
Asia.  Aiid»  to  support  this  piesuiaptiQiH  thaj  allege  that»  nee  the} 
primary  desigu  at  the  flood  was^  to  destiiosp  nauhiiid  osi)^  mk^ 
cpuld  hardl^^  be  thought  in  so  short  a  time  lo  iMire  ovetaprnd  the. 
faot  of  the  whole  eaith»  there  was  ao  ufeessitjf  to  cany  tbtf  waters^ 
beyond  the  bounds  of  what  was  inhabited ;  and  though-tt  tU^casa 
all  the  animals  in  the  world  (which  were  psobablji  iartber  rrinpupf 
ed  than  man,  being  created  in  greater  nunbersy  and  pethapa  hs'  di« 
vers  parts>might  not  have  been  destroyed^  yet  it  is  coneevvedif  thal^ 
i%  waft  necessary  to  save  some  in  the  ark  fer  fatorepN^p^g^ioBii  ind 
that  mear  might  have  them  ready  for  tfaeir  use  pccaently  afterlhe 
floods  which  coald  not  otherwise  have  been*  One  aii^op  ]Bdeed«liar 
gone  so  &r  as  tosuj^pMiseythatall  mantiuddid  not^perisftin  thede* 
lege ;  and  has  endeavoured  to  prave^froma^pecnliar  espositionef 
the  curses  of  Gaia  and  Latnech»  that  the  Alikana  aad  Indians  ave  of 
their  posterity^  But>  as  he  has  elsewhere  himself  confuted  thir  opi*' 
nion  by  the  strongf»t  argynents^  we  shall  say  no  mdre  of  iL  iUad 
iti&eaqrrio  shew,.aginn8t  those  who-hold  the  ibiraev  epimeny  tint' 
th^  deny  a- noi^er  ef  fiiet  to  get  over  nt  diflfeul^  and  tbatr  Him  de»* 
lug)B  was  universal  in  its$  extent  as  weU  as>  eftet. 

For,  first*  the  Scriptures  put  this  matter  out  of  doubly  bg^etsfnssslyD 
telling  ust  ths^all  the  high  hills  under  the  wbelc  beaven^weni  OBfeii*> 
ed  by^the  walew>  and  thai  all  tfleA  died  that  «Mmd  open  the>eam%> 
except  only  Noah>  and  those  that  were  with  him  in  the  aik^»  Vm* 

"  At^  tioie  of  the  4eLsgt,  a  wan  who  laid^scaped  with  bis  8oim»  went  Iroayi 
Armeiiiati>eiDa,dxi?en  out  of;  hii  pooewions  l>.y  thoM  <^  tht^  coanti^  i  alMl^ 
paaifag;  of^  theinteimtdiate  rtf^f  cMxm  Into  the  moiMitaiiiMit.part«f  8yiiay. 
wliich  wai  then  desolale." 

*  The  words  of  Moses,  one  would  think,  are  to»  ]|Iaia  to«adaii4  any  sabUff^. 
fqafe.  Gfdr  laohcid. afoa  the  eaEtb|.aiid  boholdU  was-coimpt |, tealTtfosh  ' 
hail  cMni|i|tedhlstlvey  iipoa  the  eaitb*  And  God  said  nnto  Noah,  the  ea#  of  all* 
fl^is^^mnefbefore  w  and  I  wW  destroy  them  with  the^asth.'  BehciMV 
e7e»|,.4a  lyingA^flood  ofwalenri^MKtheeaithvtedesiio^iallr  fleshy  wbertiitf' 
Is  thebneatb^oC'lifo,  from  oader-hta^wn  i  and  erery  thinf  that  isi  in  the>earttti 
shall  die.  Every  U?ing  sobttaace  that  I  have  made  will  I'desWoy'fhlm  ol^t^* 
Iace4kfthe.ear«h»  Aad4lmwattf»|MwUl«deaaeediagly  nfonrtii»eaftlnaa4 
aU4he  hM- biUs^tha^wefo:aades'tha.wb4arheaveo»  weie  oo«eradi  PlUtoeiii 
cabitsnpmardilid  the  waters  prevail  i  ami  th»mmmtalaswei«  cottttd.'  Atnit 
alUiesh  d4a4<that  momd  npoa  the.  easth,.  both-of  fowl  mid  ef  cattfai  aadfot^ 
jkSitwadefcipny^crcypU^ft  thlMi,a>aSemei»tb.i^isprthetaitSaaadfaPdiiyiaaiC^ 
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will  the  terms  of  Moses  aHow  the  word  earth  in  this  place  to  be  re^ 
strained,  as  it  may  in  sone  others,  to  Jadea*,  or  any  other  particular 
track  of  land  !  for,  unless  the  laws  of  nature  were  miraculously  sus- 
pended, before  the  waters  in  one  region,  much  more  on  a  whole  con- 
ttient,  could  exceed  the  tops  of  the  highest  mountains,  they  would  cer- 
tainly difflise  themselves,  and  oveHlow  the  rest  of  the  earth.  Secondly, 
if  the  deluge  were  topical,  there  was  no  need  of  the  ark ;  Noah  and 
bis  ftmily  needed  only  to  ha^e  retired  to  another  country,  which  he 
m^bt  have  done  with  more  ease,  and  in  less  time,  than  have  built  so  ' 
vtat  a  vessel ;  the  beasts  might  have  saved  themselves  by  flight ;  or 
tiieir  loss,especialiy  those  of  the  unclean  kinds,  have  been  replenished 
from  other  places ;  and  the  birds  might,  without  much  difficulty, 
bave  flown  to  another  continent.  Thirdly,  the  number  of  mankind 
before  the  flood  was  vastly  superior  to  what  the  present  earth  is,  per- 
haps, capable  of  sustaining,  according  to  various  calculations :  and 
the  waters  must  therefore  have  overspread,  in  all  probability,  a  larger 
part  of  the  earth  than  is  now  known  to  be  inhabited:  and  consequent- 
ly the  whole  globe,  that  ikone  might  escape  the  Divme  vengeance,  must 
have  been  oveiflowed.  Fourtlily,  the  earth  itself  seems  to  ofier  us  a 
demonstrative  argument  of  the  universallity  of  the  deluge,  ^omthe 
vast  number  of  the  shells  and  teeth  offish,  bones  of  animals,  intire 
or  partial  vf^getables,  and  other  strange  thuigs,  which  are  to  be  found 
0a  the-  tops  of  the  highest  mountainsj  and  in  the  bowels  of  the 
eaUii,  at  n  great  distance  from  the  sea,  and  were  probably  left  by 
fliefloodf. 

An  ifi  whose  nostrils  was  the  breath  of  life,  of  all  that  was  in  the  dry  land,  died. 
And  every  living  substance  v^as  destroyed  which  was  npon  the  face  of  the 
ground,  both  man  and  cattle,  and  the  creeping  things,  and  the  fowtofthe 
heaven ;  and  they  were  destroyed  from  the  earth  |  and  If  oah  only  remained 
idive,  and  they  tliat  were  with  him  in  the  aric. 

*  Feyrerins,  dne  part  of  whose  pre-adamite  system  is;  that  the  Sood  extend*  * 
ed  no  farther  than  j'odea,  which  he  supposes  to  be  alt  that  Moses  meant  by  the 
earth,  wonld  also  persuade  us,  that  that  writer,  by  mankind  which  wisre  to  be 
destroyed.  Intended  the  posterity  of  Adam  ;  by  the  living  creatures,  the  Gen-  ' 
tUes  or  pre-Adamites,  mixed  with  the  Hce  of  Adam :  and,  by  the  great  deep, 
the  sea  of  'Palestine^  .     ,  ■     «  !  » 

•  <f>  This  argument  Is  offered  with  some*  diflMence';  'for  tbouglr  the  most  expe- 
rienc4^d  philosophers  now  agree,  that  thes^  shells,  &c.  ar^  not  mock*producw  ^ 
tions  of  nature,  or  originally  formed  in  the  'places  where  they  are  found,  by  ' 
•iMn^  plastio  power  of  sftlts,  or  other  minerals  (whiefa'Mras  the  conjecture  of  Dr. 
Plot  a^d  other  natumlists)  inasmuch  as  they  are  not  to  be  distinguiflhed  from  - 
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'  It  is  now  time  to  eonsider  by  what  means  this  terrible  devastation* 
was  brought  on  the  earth,  and  in  what  manner  those  that  escaped  it 
were  preserved.  i 

If  the  dehige  were  universal,  the  quan^ty  of  water  required  to  t&f 
feet  it  is  so  immense,  that  it  has  beeii  generally  thought  extremely 
difficult,  if  not  ii^Dpossible  to  say,  whence  it  came,  or  whither  k  went; 
The  proportion  of  water,  sufficient  to  cause  such  an  inundation,  ha» 
been  computed  at  eight  oceans ;  but  a  person  wdl  able  to  make  thee 
calculation  says,  that  there  must  have  been,  at  the  lowest  compnta* 
tion,  twenty-two  oceans.  And  where  to  find  thb,  is  the  qn€iBtioii.r 
There  are  the  clouds  above,  and  the  deeps  below,  and  in  the  bowela 
o(  the  eartli ;  and  these  are  all  the  stores  we  have  for  water* :  and 
Moses  directs  us  to  no  other  for  the  causes  of  the  delnge.  :  The 
fountains  of  the  great  deep  (says  he)  were  broken  up,  and  the  wm^ 

real  shells,  teeth,  &c.  by  the  nicest  examination  of  the  eye,  and  even  the  mi- 
.croscope,  and  burn  not  immediately  into  a  calx  or  lime,  as  all  tophaceous  or 
stony  substances  do,  but  first  into  a  coal  and  then  into  a  calx,  which  is  the 
kliown  quaUty  of  things  of  a  bony  or  fleshy  nature ;  yet  th^y  do  not  af^ree  that 
Hhese  things  were  brought  in  by  the  uAivenal  deluge,  for  tWs  reason,  amioiig 
several  others^  that  living  animals,  or  fish,  have  been  found  in  some  of  those 
fossil  shells,  and  that  such  marine  substances  are  sometimes  formed  and  gene* 
rated  in  human  bodies;  and  therefore  it  is  supposed  they  were  formed  by  at 
•permatie  principle,  as  fish  spawn,  received  into  the  chinks  and  other  meatus*^ 
af  the  earth,  and  faUin|^  down  in  rains,^c. ;  which  may  be  aU*wed^  indeed,  ot 
the  several  kinds  of  shell-^sh,  whose  shells  might  preserve  them  in  the  «^.| 
but  can  hardly  be  admitted  ^  to  otheis  of  tliose  fossils,  such  as  Uie  glosso- 
petre,  or  teeth  of  the  shark,and  the  other  bones  of  larger  creatures.  As  to  the 
fubtenaneoos^woods,  and  fossU  trees,  itheire  seems  to  be  no  great  reason  to  be- 
lieve they  were  thrown  down  by  the  deluge,  and  have  lain  buried  in  the  eartli 
ever  since  i  it  being  much  more  probable,  that  ^hey  either  were  occasioned  by 
inundations  of  the  sea,  or  were  felled  by  ^len  in  the  places  where  tji^y  no^ 
lie ;  as  is  undeniable  of  many  of  them,  which  still  alfow  the  marks  of  the  axe» 
♦  Moses,  in  his  account  of  the  creation,  speaking  of  waters  above  the  firma- 
nfisUf  thoogh  it  be  gcneraUy  understood  of  the  clouds  and  aqueous  vapours  sa»- 
^ined  in  the  middle  region  of  the  air,  yet  some  have  fancied  them  to  be  vraters 
placed  above  the  heavens,  and  have  been  willing  to  make  use  of  them  for  a 
supply,  when  they  could  not  find  enough  under  the  heavens  to  make  up  the 
mass  of  the  deluge ;  thou^,  if  these  imaginary  wnters  were  there,  how.  to  get 
thepi  dofwfl,  or  to  lift  theip  up  aptin,  it  net  ef»y  to  teU.  But  since  the  system 
of  tlie  werMM.V>«en  better  kiM^wn,  and  the  nature  x>f  the  heavens,  iyts  pre« 
fumed  lliefe  are  none  that  would  wfsert  these  supercelestial  waters,  much  les« 
make  that  eztravagaat  osf  of  tbemi  as  to  bring  tliem  down  hitheip  for  a  <^au«e  of. 
0e  deluge,  •     . . 
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4o<rt  of  IteAvfni  wer^  opened  t  tkid  ffae  rami  wa^  upon  the  elhh 
Ibrty  daj6  and  forty  nights.  Ify  the  great  deep  A>nie  imder^taBd 
the  ocean ;  but  others^  with  more  reason,  the  subtcrmneous  dhyss  of 
iHt  edttectionof  waters  iit  tbe  bowek  of  the  eirrth*.  But  it  is  thought 
Ifae  wtilefs  whtdi  either  the  abys^  or  the  raid  could  aff>rd»  will  Ml 
pftidigibvsly  short  of  the  proportion  required.  Aceordmg  to  th# 
^b^rvXkim  laade  of  the  <}uantity  of  water  that  falls  in  rain,  the 
yatas  eonld  not  affMrd  one  ocead>  iior  half  an  ocead,^  and  would  be  a 
verj  ificoosiderable  part  of  ffrhot  was>  necessihry  for  a  delage:  If  it 
lained  fiirty  days  and'  ft^  nights  througbovt  the  whole  eayth  at 
•nce»  it  mi^  be  sufieient  to  lay  ail  the  lower  grounds  tnlder  wate#^ 
kot  it  wt>old  signify  very  little  as  t6  the  overflowing  of  the  moon- 
tains ;  so  that  il  has  been  said,  that,,  if  tbe  dekge  had  been  made 
by  ntw  only,  there  would  have  needed  not  forty  ^ys^  but  forty 
years,  to  have  brought  it  to  pass*  And  if  we  suppose  ttie  whofie'  at* 
mosphere  condensed  into  water^  it  would  not  at  all  have  been  suffix 
cient  for  this  effect;  for  it  b  pretty  certain  that  it  could  not  have  risen 
above  ^rty^^wo  fo^,  which  is  w(ell  known  to  be  the  usual  height  t6 
wliicti  water  can  be  raised  by  the  pi^ssnte  of  the  atmosphere ;  since 
the  weight  of  the  whole  air,  when  condensed  iAtb  wafer,  can  be  no 
more  than  equal  to  its  weight  in  its  natural  sfate,  and  must  become 
ivoless^than  eight  hundred  tiines  denser;  sucH  being  the  difference 
between  the  we^t  of  the  heaviest  «lr  and  Hiat'  of  water.  And  at 
lo  tfietibyss,  if  by^it  we  hitend  the  ^^,  thishft^  is  lio  liigber  tMn  th^ 
land,  as  some  haVe  formerly  imagined^  and  therefore  could  contri« 
bute  nothing  to  the  deluge ;  it  would  keep  its  bed  as  it  does  now, 
and  take  up  the  same  place ;  and,  if  we  understand  the  subterranot 
oos  waten^  they^ld  beqniet  id  th^cdls^  and  not  fideendother** 
wise  than  by  force ;  and,  if  forte  Wei^  used'  to  draw  tfi^iti  out  on  th^ 
surfoce  of  the  earth,  their  places  must  be  fdled  again  witb  other 
waters*  so  that  this  turns  to  no  account  ppon  the  whole. 
This  bemg  the  case,  some  cnt  the  Imot  which  they  cannot  looife^  , 
•  ■'■ ■ ■'   ■  •■  -  ■  ■     ■■.. .^  i»  >--..--.  ^ 

«  NotWitteiabdIiig  tHe  vfotiSt  XiTtH  '«^^>  <^'A>  i"  some  passa^,  i) 
sappflised  ia  ntgaifyfttit  stett^  yet  itoisy  b«  tHei^  iiKtfdt-  b<*ttc^  int^preted  of 
mbiertaneotttwtetMfe,  as4t  tisMlVH^  iAvdk'i»veikeT  ]^eb.  Ai^d-WAa^  hem 
joined  With  the  epithet  f^y^  mftSttAV  ^t^M^i^ieentt  MdiMiSitekiate  HMvmI 
collection  of  waters,  ^icb  diirnlMls^aiefdn^iHMarUik^I^lilbe  flM  itdum  of 
the  earth;  the  receptacle  of  the  greMMt  palt  i^  thoft^dep  whi<dh  conteathe 
^arth  at  the  beginning  of  the  creation. 
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9mA  ti^  us  4hf  iifktd  i|fi«xif  Qpmp9tanfie^ .«ft]^  4]H»t4M«iiii^ 

tfi^^i  ^i^ja  w|i^  th(¥  deluge  ly^  ^o  ^e^se*  ]M  9^^  bHSiBe^  k  not 
hsj^  \o enfmm  Hjirt  Q^cpiJd  work  by  kifi  ^Mi^^m^,  ImI 
tp  aqifpMpt  ^  t^is  evenit  j»  tte  b^i^  JHnnn^r  we  €90  fiwn  aatuml 
c^i^^f  ^  m^r  ^jQ  we  »3h)y  to  %  li^  tbe  divine  (Mnoipateoflr,  eap^ 
^ty  for.  t(^  cr^atiojD  ^f  ^ew  matter*  llpses  pltMoly  a^s^s  oalwil 
caD^jes  of  tb^  deliigei  forty  (ji^y^  rauif  wi  tbe  dvruptioA  of  &• 
9by$s;  9ud  St.  Peter  bp^  s^igned  a  cause  sdw)»  tbiQ  o^tuml  comikf 
tatipfi  |9f  ^b(e  lYprld ;  f^pd  ueither  of  tbi^n  m^ftltiw  n  word  of  » fmt 
cre^ticm  pf  wa^^s.  Qthersj  tbejf^fore,  iastefid  of  a  cfe«tion»  iupy 
pp^  H  tj^q^^l^m^tatipA,  9pd  ^ay  Ifif  air  w^  cba^ged  into  waler« 
^d  ^9Jt  tbis  was  tbt  grf  at  uistr^i^ofital  c^iise  of  tbe  d^Hgc^  Bud  Mcb 
opipV^P  W<^  ^  )i^^  witb  t\^  pbUo«ppby  «if  Mos^n  ^  S|,  Peler,  as 
tbi?  pfci^bigf  sind  renders  the  op^pi^  of  U)«  abyss  per^tlyneedn 
1^99 :  bj^ides,  pucb  a  tran^nmtatiop  woiitd  ip  ^ot  be  jio  nvm  th«D  ft 
condeiksatipili  Ib^  inaij%ieocy  pf  wbicb  bfH  been  abfeiidy  sbowak 
Acpprdifig  to  a  tbW  ei^diept,  ^  m^  and  seii*w9tars  wew  rare* 
fied  so  as  to  reacb  tbe  determined  beigbt :  hv^tp  if  tbe  waters  wei* 
fifteen  tiiffies  rarer  tb?ui  tbey  pator^tly  «re  ^  ip  \htA  efme  tbey  auMl 
b»ve  been,)  it  is  hard  to  s;iy  bPW'tboy  eould  eiUiar  dwwii  nmn  m 
beasts  ke^aliye  tbe  fi^b/or  s^^iiporl  tbe  wrk.  A  fonrlli  ^fMnkm 
is,  tb«(t  tbe  notedikiyian  eartbf  witb  a))  its  stoneSt  n^etals,  sninenl 
coDcretippi^  and  all  fossils  wb^t^pcver  tb^tbad  obt«ned  any  sitfdi^ 
W^  totally  cliss^lv^d  in  tbe  drl«ge«  tbe  tobedon  of  its  parts  per* 
feetly  ceasing;  that  tlie  corposdes  of  tbese  solid  fessib^  togethct 
witb  tbe  corpnseles  of  those  wbieb  were  not  befove  solid,  sack  as  earthy 
fii^dj  and  the  like ;  as  abo  animal  bodiea,  and  parts  of  animals,  bwa^ 
te^bj  fbells ;  vegetables,  and  parts  of  Yegetables,  tiees,  shrubs,  beriwt 
bi  short,  lAl  bodies  whatsQeror,  which  were  either  in  the  eartb,  or 
Ihilt  eenaiitnted  the  »«8s  of  it,  if  nol  quite  down  t»  the  ahyM^yet  at 
kail  to  the  gteatfi^  depth  we  em  dig^  all  these  were  promiscupusly 
tidien  up  iBtp  the  waters,  and  made  one  common  mass ;  that  at  length 
they  subsided  downwards  together,  ^meral^ ;  and,  as  nearly  as 
mi^  be  expected  in  such  a  con&sien,  accofding  lo  the  laws  of 
gsarity;  and  thus  fanned  the  atrataof  steai,  masbk,  eea^  Md  the 
lesl,  of  whici^  the  earth  manifesMy  consnts.  While,  in  consequence 
i^  these  being  bo(&s  of  diflbrent  kinds  and  eonstilutions,  which 
^tt  nearly  of  the  saip^  spedfie  gra^j^  it  thence  happened^  that 
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hoiks  of ^te  ^UffiMnt  MbAb  snbrided  at  At  ame  instant,  and  Mi 
iQgetbcr  with  the  stme  stratum ;  for  which  reason  the  shells  of 
cooUes,  cscaUopSy'  aqd  the  rest,  which  have  a  greater  -  degree  of 
gnu^ity,  wcire^  inclosed  and  lodged- in  the  strata  of  stone  and  marble, 
iHMl  tlie:Jifi»Tier  liinds  of  torestrial  matter,  the  lighter  slielb  not 
ftbkinf  down  till  afterwards,  and  so  failing  among  the  lighter  matter,' 
as  chalk,  and  the  like.  Bat  this  strange  and  bold  hypothesis,  to' 
which  the  antbor  was  driven,  to  solve  Ihese  phenomena  of  the  interior 
parts  of  the  earth,  (which  yet  might  possibly  be  otherwise  accounted 
for,)  IB  so  little  consistent  with  the  Mosaic  history  of  the  deluge,^ 
tak^Jolittk  notice  of  the  openmg  the  windows  of  heaven^  and' 
is  so  contiisry  to  the  miiviersal  law  of  mutual  attraction,  and  the 
qpocifie  gravities  of  bodies,  accounts  for  so  few  of  the  pbaenomena  of 
the  deluge,  implies  such  a  new  sort  of  formation  or  creation  of  the 
earth  at  the  deluge,  without  warratft  for  the  same,  and  is  so  much 
more  than  hisobservatlons  reqtHre,  or  will  support,  that  it  cannot 
eigage  the  assent  of  any  considering  person.  A  fifth  opimon  is,' 
that  though  the  rains  mi^t  afford  a  vast  quantity  of  water  towards 
a  deluge,  yet  thecbief  ^anse  was  the  changing  the  centre  of  the 
^artb,  and  setting  it  nearer  to  tlie  centre  or  middle  of  om*  conti- 
nent; whereupon  the  Atlantic  aM  Pacific  Oceans  must  needs  press 
upon  {die  inbterraneous  abyss;  and  so,  by  mediation  thereof,  force 
the  water  upwards,  and  eompelit  td  ron  out  at  those  wide  mouths' 
{md  apertUKS  made  by  the  divine  power  breaking  up  the  fountains' 
of  X}m  gr«at  dei^p.  These  waters,  thus  poured  out  firom  the  orifices 
of  the  ibunitams  upon  the  earth,  the  declivity  being  changed  by  the 
removal  of  the  centre,  could  not.iow  down  to  the  sea  again,  but 
must  neecb  stagnate  upon  the  earth,  and  overflow  it:  and  after^ 
ivards,  (he  earth  returuhig  toits  old  centre,  return  also  to;  their  former 
recetlta^les*':  This  hypothesis  g^es  a  fair  and  easy  solution  of  M 
the  phamomena  of  the  deluge,  save  only  the  generality  of  it,  nsakkig 
it  tojNcal,  and  confinmg  it  to  our  continent ;  for  which  reason  a 
very  sagacious  naturalist,  who  otherwise  aj^roves  it,  proposes  a 
sixth  way  of  solving  themt  and  that  is,  by  supposing,  that  the 
divine  power  might  at  that  time,  by  the  instnunentality  of  some 
aatural  agent,  to  us  at  present  unknown,  so  depress  the  surfikre  of 
the  ocean,  as  to  force  the  waters  of  the  abyss  through  the  before- 
mentioned  channels  and  apertures,  and  so  make  them  a  partial  and 
coDcunent  cause  of  the  deluge.    And  it  appears  from  instancei^ 
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i\M  tbete  dke^  at  some  times,  in  ike  course  of  ttatuie,  extmonbmfy 
pressures  on  the  «arface  of  the  sea  ^  which  force  the  waters  out* 
wards  upon  ihe  shores,  to  a  great  he^ht.  Bat  this,  we  fear,  is  too^ 
occult  a  cause,  to  give  mock  sattsfectlon  to  a  philosophic  ii^qtnrer. 

Wq  have  still  to  consider  the  fiypotheses  of  two  other  phHos<^»hers> 
w«ll  known  in  the  republic  of  letter^  we  mean  Dr.  Burnet  and  Mr. 
Whiston*  . 

To  have  a  complete  idea  of  that  of  the  former,  we  mnst  premise' 
that  he  conceives  the  first  earth,  from  the  manner  of  its  fotm* 
ation,  to  have  been  externally  r^^ular  and  unifotm,  of  a  smooth 
^M|A  tven  surface,  without  mountains,  and  without  a  sea ;  and  that 
the  ^tars  belan^^  to  it  were  wholly  inclosed  within,  or  under  its 
upp^r  crust,  which  formed  a  stupendous  vault  around  them.  This 
vast  cdlection  of  waters  he  takes  to  have  been  the  great  deep,  or 
abyss  of  Moses ;  and  that  the  disrijq^tion  of  it  was  the  chief  cause  of 
the  deluge*  For  he  supposes,  that  the  earth  being  for  some  hun«, 
dreds  of  years  exposed  to  the  continual  heat  of  the  sun,  which,  by 
reason  of  the:  pefrpendicidar  position  he  imagines  the  earth's  axis  then 
had  tp  the  plane.  <tf  tlte  ecl^tic,  was  very  int^ise,  and  not  allayed 
h^  that  diversity  of  seasons  which  now  keeps  our  earth  in  an  equa- 
iky  of  temper^  its  exterior  crust  was,  at  length,  very  much  dried; 
and  when  the  heat  had  pierced  the  abell,  and  reached  the  waters 
beneath  it,  they  began  to  be  rarefied,  and  raised  into  vapours; 
which  rarefaction  made  them  require  more  ^ce  than  they  needed 
before ;  and,  finding  themselves  pent  in  by  the'exterior  earth,  they 
pressed  with  violence  against  that  arch,  to  make  it  yield  to  thehr 
dilatation.  And  as  the  repeated  action  of  the  sun  gave  force  to  those 
inclosed  vapours  more  and  more^  and  made  them  more  strong  and* 
violent;  so>  on  the  other  huid,  it  weakened  more  and  more  the 
arch  of  the  eailh  that  vms  to  ren^t  them,  suckkig  oiit  the  moisture 
that  was  the  cement  of  its  parts,  and  parching  and  chapping  k  in 
sundry  j^es ;  and,  there  being  no  winter  to  close  up  its  parts,  it 

*  We  had,  opon  oar  coasts,  not  many  years  ago,  an  extraordinary  tide,' 
wberein  tlie  water  rose  so  liigli,  as  to  overflow  aU  the  sea-banks,'  drown  maki- 
tudes  of  cattle,  and  fill  the  lower  rooms  of  the  houses  of  many  Tillages  that  stood, 
near  the  sea;  so  that  the  inhabitants,  to  save  themselves,  were  forced  to  get 
into  their  upper  rooms  and  garrets.  And  how  this  could  be  effected,  but  by 
an  unusual  pressure  on  the  superficies  of  the  oce^n,  our.  author  cannot  well 
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gww  WOW  «ii4  more  dMpo<ed  to  a  ^btololMD;  aad,  «t  itti|lfa^ 
whoi  CM'-^  afipainkd  linne  ¥ri»  eame,  tlie  whole  fabric  iMroke^  and 
the  frame  #f  tke  eartli  was  torn  in  (Heoet  as  by  an  earth  ^wlrr ;  and 
thoie  fieat^ortiowy  or  fragments,  into  which  tt«ras  divided^  ^ 
down  ittto  the  abyss,  some  in  one  posture  and  some  b  another. 

!I1ss  fa^^theais,  the  author  thinks,  not  only  agrees  with  ^  nar* 
ration  of  Moses,  and  answers  the  assertion  of  St  Peter,  that  the  first 
eattli  was  oteoxious  to  a  delude  from  its  constitution,  but  supplies 
all  the  defects  of  other  eKphcatioDS.  The  fall  of  those  (NPodigiotti 
ftagmeatf  would  raiae  a  vast  coMBM>lioB  k  the  abyss,  and  throw  its 
waires  to  a  great  height,  which  would,  for  some  lime,  overwhelm 
the  OKmv^s,  now  fii»t  formed,  for,  after  the  first  violent  shock, 
he  imagines  there  wera,  oecasioaally,  some  secondary  ruuM^  whidi 
broke,  and  made  new  comniotions;  tilU  itf  length,  when  idl  the 
mins  were  settled  and  fixed,  the  waters  began  to  settle  too,  and  tbe 
dry  land  to  appear,  Thos  the  earth  put  on  a  new  form,  and  be« 
eame  divided  into  sea  and  lapd;  tbe  gieatest  part  of  theefbyss  con- 
sliliitiog  our  present  ocean,  and  the  rest  fiHing  up  the  lower  cavities 
of  the  earth,  mountains  and  hills  appeared  on  die  land,  islands  in  the 
sea#  and  rocks  upon  the  shore ;  and  thns  Providence,  at  one  stroke, 
diMolved  the  old  world,  and  made  out  of  its  nuns  a  new  one,  whkA 
we  now  mhabit 

But  though  it  be  reasonable  to  believe  the  fifst  earth  had  its  axis 
iadined  to  the  plane  of  the  ecliptic,  as  well  as  the  piesent,  and  had 
the  same  vicissitude^i^  seasons ;  yet,  allowing  the  theorist's  suppo* 
sition,  of  its  parallel  position,  to  be  trae,  it  is  not  conceivable  ^t 
tbe  heat  of  the  sun  would  even  then,  have  had  the  power  he  imagines, 
or  affect  tbe  earth  in  sndi  a  degree  as  to  cause  great  cracks  or  fis- 
sures  in  it,  or  to  raise  tbe  water  under  it  into  vapours,  since  we  find 
no  such  efiects  in  the  hottest  counjtry  or  season :  nor  b  it  probable 
snch  rarefiMtion,  were  it  possible,  sbouki  be  so  eatreme,  as  to  break 
trough  an  arch  of  some  hundred  miles  thick.  Besides,  it  is  to  be 
feared,  that,  if  the  action  of  the  sun  was  so  strong,  the  abyss,  the 
only  stiHrehottse  of  waters  in  the  first  earth,  would  have  been  nearly 
exhausted  f  before  the  thne  of  the  deluge.    This  account,  als8, 

t  Dr.  Keill  has  made  a  plain  calculation  of  this  matter,  and  conclades,  that 
since  none  of  the  aatedilorian  rivers«  according  to  this  theorist,  returned  into 
the  abyss  agiain.  It  must  needs  follow,  that,  in  eight  hundred  and  twelve  years, 
it  would  be  quite  empty,  upon  suppoiition  that  there  were  as  many  rivers  in 
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seems  not  very  consonant  to  the  Mosaic  history^  which  describes  a 
gnuiiial  rise  and  abatement,  and  long  continuance  of  the  flood,  not 
a  violent  tran^ent  shock,  which  would  not  have  lasted  many  days^ 
if  hours ;  not  to  mention  the  little  use  our  author  makes  of  the  rains^ 
which. he  supposes,  indeed,  to  have  fallen  throughout  the  earth, 
(though  he  does  not  know  how  that  could  proceed  from  natural 
causes)  and  to  have  contributed  to  the  disruption  of  the  abyss,  by 
weakening  the  arch  of  the  earth,  and  stopping  its  pores,  which 
would  make  the  vapours  struggle  the  more  violently ;  and  that  no- 
thing but  a  miracle  could  save  the  ark  in  so  prodigious  a  storm  and 
coHvtilsion  of  nature. 

The  expedient  of  the  other  learned  theorist  is,  the  trajection  of  a 
comet  *,  which,  he  supposes,  passed  so  close  by  the  body  of  the  earth, 
at  the  time  of  the  deluge,  as  to  involve  it  in  its  atmosphere  and  tail. 
On  which  hypothesis,  he  proceeds  to  account  for  the  deluge  in  this 
mannei' :     . 

He  says,  that  when  the  earth  had  passed  through  th^  tail  and  at- 
mosphere  of  the  comet,  which  he  supposes  to  consbt  of  vapours 
rarefied  and  expanded  in  diffeient  degrees,  and  in  which  it  Would 
remain,  on  calculation,  for  ^out  two  hours,  it  must  have  acquired 
a  toge  cylindrical  column  of  vapom^,  whose  basis  was  somewhat 
larger  than  one  of  the  earth's  greatest  circles,  and  whose  altitude 
was  equal  to  the  diameter  of  the  comet's  atmosphere ;  that  these 
vapours  would  be  impeded  from  descending  towards  the  sun,  by 
the  earth's  interposition,  and  attractive  power;  and  so  would  fall 
down,  with  great  violence,  on  its  surface ;  a  gteat  part  of  which,  be- 
ing m  a  very  rare  and  expanded  condition,  after  their  primary  fall. 


fhe  prtmitive  earth  as  arc  in  o^trs ;  but  as  there  was  then  twice  the  land,  if 
there  were  no  seas  5  so  there  must  be  allowed  twice  as  many  rivers  to  Water  it; 
aod  by  such  a  double  quantity  the  abyss  would  be  emptied  in  half  that  time.     * 

*  That  a  comet  actnaUy  appeared  at  the  deluge,  is  attested  by  several 
authors.  Pliny  mentions  one  which  appeared  in  the  reign  of  Typhon,  that  is, 
at  the  flood,  or  immediately  before  it ;  and  speaks  of  the  direful  effects  of  It. 
And  the  above  author  \ua  endeavoured  to  prove,  that  the  last  most  remarkable 
comet,  which  was  seen  in. these  parts  in  the  year  1680  (whose  revohitiooha 
computes  to  be  In  about  675  jjears,  and  whose  trajectory  Sir  Isaac  Newtoa 
has  delineated),  was  that  very  comet  which  came  by  the  earth  at  the  begmninf 
of  Noah's  deluge,  and  which  was  the  cause  of  the  same. 
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would  immediately  be  motinted  into  the  air»  and  afterwards,  on  their 
tondensatioDi  descend^  in  violent  and  incessant  nna,  on  tke  face 
^the  earth,  and  very  naturally  occasion  the  forty  days  and- forty 
nights  rain  mentioned  by  Moses « 

That  the  presence  of  this  comet,  as  it  approached  and  came  be* 

low  the  moon,  wonld  cause  a  double  tide,  as  weU  in  the  seas  above^ 

as  in  the  abyss  below ;  that  in  the  seas  would  be  less  considerable^ 

but  the  other  would  be  vastly  great,  and  produce  mighty  efiects# 

t*or  on  the  nearest  approach  of  the  comet,  tbe  surface  of  the  abyss^ 

would  put  on  an  elliptic  or  oval,  instead  of  its  former  spherical 

figure  i  and  the  orb  of  earth>  which  rested  on  it,  would  be  ob- 

]%ed  to  accommodate  itself  to  that  larger  oval  stir^e  i  which  bcuig 

imjpossible  for  it  to  do  while  it  remained  solid,  it  must  of  necessity 

enlarge  itself,  and  by  the  violent  force  of  the  increasing  surface  of 

the  abyss  be  stretched,  cracked^  and  have  innumerable  fissures  made 

quite  through  it ;  or  rather  the  tide  must  open  and  enlarge  those 

fissures,  which  were  produced  at  the  commencement  of  the  dimrnal 

fotatioa.    Thus  would  the  fountains  of  the  deep  be  broken  up,  and 

sufficient  gaps  made  finr  a  communication  between  the  abyss  bdow^ 

ind  the  surfiice  of  the  earth  above ;  whkh  was  no  sooner  done,  than 

the  fidl  of  the  cometic  waters  began,  and  quickly  covered  the  earth, 

and  cirowded  the  air  with  vast  quantifies  thereof;  winch  waters,  be-^ 

ing  adventitious,  and  of  a  prodigious  weight,  must  press  downwards 

with  a  mighty  force,  and  endeavour  to  sink  the  orb  of  earth  deeper 

into  the  abyss^  according  as  the  entire  we^t  of  each  column  of 

earthy  and  its  kicumbeRt  water  together,  did  now  require,  agreeably 

to  the  laws  of  hydrostatics ;  which  laws  he  supposes  not  to  have 

been  exactly  complied  with  at  the  earth's  first  subsiding  into  the 

abyss;  otherwise  he  could  scarce  have  expected  any  elevation  of 

the  subterraneous  waters.    But  since  the  lowest  strata  of  the  earth 

'were,  According  to  him,  in  a  good  measvre  settted  and  conscrfidated 

together,  before  the  upper  were  all  formed,  the  whole  compages 

would  archwise  sustain  itself  much  higher  than  the  law  of  specific 

gravity  would  otherwise  require;  and  so  upon  the  disruption  of  the 

upper  earth,  its  seveild  columns,  as  there  was  room,  would  settle 

themselves  lower  than  they  were  at  fir^t ;  imd  their  weight,  «ug> 

mented  by  the  additional  waters  of  the  comet.  Would  squeeze  and 

press  on  the  surface  of  the  abyss ;  which  being  a  fluid  mass,  and  inp 
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capable  of  sustainiiig  a  pressure  on  oae  pari,  without  equally  com* 
muQicatiug  it  to  all  the  rest,  must  burst  out,  wherever  such  pressure 
was  wanting,  aod  throw  itself  up  the  fissures,  through  whicli  it  would 
ascend  with  a  mighty  force,  and  carry  up  with  it  whatever  was  in  its 
way,  whether  earth  or  water ;  and  thereby  add  to  the  quai^tity  of 
water  already  on  the  foce  of  the  earth,  and  become  a  fresh  aug- 
mentation of  that  deluge  which  began  already  to  overwhelm  and 
destroy  the  inhabitants  thereof. 

The  abatement  and  decrease  of  the  waters  of  the  deluge,  pur  au* 
Ihor  supi^oses,  was  first  by  a  wind,  which  dried  up  some  ;  and,  se- 
condly, by  theur  desicent  through  those  breaches  and  fissures  (at 
which  part  of  them  had  ascended)  into  the  bowels  of  the  earth, 
which  received  the  rest.  To  which  latter  also  the  wmd,  by  hurry- 
ing the  waters  up  and  down,  and  so  promoting  their  lighting  into 
the  before-mentioned  fissures,  was  very  subservient.  The  air,  he 
grants,  ^ould  sustain  a  very  inconsiderable  quantity  in  comparisop  of 
the  intire  mass ;  but  as  he  svipposes  the  antediluvian  earth,  though 
it  was  t^i  destitute  of  lesser  seas  and  lakes,  yet  to  have  had  no  g;reat 
eceai^  s«|>arating  one  continent  from  another,  and  covering  so.lar^e 
a  poitioa  of  it,  as  the  present  earth  has;  he  concefves  the  upper  re- 
gion of  the  earth,  being  generally  dry  and  porous,  and  of  a  great 
thickness,  was  capable  of  receiving  a  much  greater  quantity  of 
water  than  was  on  the  earth  at  the  time  of  the  deluge. 

To  this  theory  objections  have  been  made,  as  well  as  to  the  for« 
mer :  for  though  there  are  some  surprising  co-incidents,  which  make 
it  indeed  probable,  that  a  comet  did  really  come  very  near,  and 
paased  by  the  earth  when  the  deluge  began,  and  might  cause  a  pro- 
digious tide  in  the  sea,  and  in  the  abyss ;  yet  it  has  been  thought 
somewhat  strange,  that  the  swelling  of  the  abyss  should  have  such 
an  efiect  as  to  make  convenient  fissures  in  the  solid  crust  of  earth 
which  inclosed  it,  without  shattering  its  whole  frame.  Nor  has  the 
Iheorbt's  account  of  draming  off  the  waters  from  the ,  surface 
of  the  earth  been  judged  satisfactory ;  it  being  difficult  to  conceive, 
tint  those  subterraneous  cavities,  which  he  supposes  could  co&tain 
bnt  a  small  proportion  of  the  waters  requisite  to  make  the  deluge, 
should  yet  be  capable  of  receiving  the  greatest  part  of  them  when  it 
was  over.  Tliese  difficulties,  however,  might  possibly  receive  a  so* 
InlieB;  bntltie  greatest  objection  of  all  is,  that  it  isfar  from  betng 
clear,  whether  the  atmosphere  of  a  comet  be  a  watery  substance  or 
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00 ;  or  if  it  were,  that  it  should  aflbrd  such  a  vast  quantity  of  wafer 
as  the  theory  has  occasion  for,  on  the  earth's  hare  passing  through 
it.  For  it  is  fltaid,  the  observations  of  the  most  curious  inquirers 
make  it  not  improbable,  that  the  circle  about  the  body  of  the  comet 
IS  nothhig  but  the  curling  and  winding  round  of  the  smoke;  rising 
at  first  to  i  determinate  height  from  all  parts  of  tlie  comet,  and  then 
making  off  to  that  part  of  it  which  is  opposite  to  the  sun.  And  if, 
this  opinion  be  true,  the  earth,  by  passing  through  the  atmosphere 
of  the  comet,  rant  a  greater  risk  of  a  conflagration  than  a  deluge. 

It  seems^  therefore,  after  all,  that  the  divine  assistance  must  be 
called  in,  on  this  occasion.  For  though,  the  waters,  which  covered 
the  earth  at  the  creation,  might  be  suiKcient  to  cover  it  again ;  yet 
how  this  should  be  effected  by  mere  natural  means,  cannot  be  con- 
ceived. The  waters  which  were  suspended  in  4he  elouds  might,  in- 
deed>  descend  upon  the  earth,  and  that  in  cataracts,  or  spouts  of 
water  (as  the  Septuagint  interpret  the  windows  of  heaven),  like  those 
in  the  lndies>  where  the  clouds  frequently,  instead  of  dropping,  taH 
with  a  terrible  violence,  in  a  kind  of  torrent ;  and  this  alone  might 
cause  a  great  inundation  in  the  lower  grounds ;  but  as  the  cloudl» 
could  pour  down  no  more  water  than  they  had,  which  would  soon 
be  exhausted  a^  this  rate,  it  seems,  from  the  length  of  the  rain's  con« 
linuance,  that  the  showers  were  rather  moderate  and  gradual.  The 
subterraneous  stores  would  afford  a  much  more  plentiful  supply  to 
complete  the  deluge,  and  probably  contain  more  water  than  enough 
to  drown  the  world,  to  a  greater  height  thaii  Moses  relates  *:  the 
only  difficulty  is,  to  draw  it  out  of  the  abyss  on  the  surface  of  the 
earth.  And  here,  since  we  can  assign  no  natural  cause,  we  appre^ 
bend  we  may,  not  unphilosophicaily,  resolve  it  into  tlie  divinepower, 

♦  Though  Sir  W.  Raleigh  aUows  Ihirty  milef  for  the  height  of  the  moon- 
tains,  yet  the  highest  in  the  world  will  not  be  found  to  be  aboire  five  direct 
miles  in  height.  Olympus,  whose  height  is  so  extolled^ by  the  poets,  does  not 
exceed  a  mile  and  an  half  perpendieular,  and  about  seventy  paces.  Mount 
Athos,  which  is  said  to  cast  its  ^lade  into  the  isle  af  Lemnos  (acAording  to 
Pliny,  eighty-seven  miles)  is  not  above  two  miles  in  height^  nor  Gaucasos 
much  mor^;  nay,  the  pike  of  Teneriff,  reputed  the  highest  mountain  in  the 
world,  may  be  ascended  in  the  three  days  (according  to  the  proportion  of  eight 
furlongs  to  a  day's  journey),  which  malces  it  about  the  height  of  a  German 
mile  perpendicular.  And  the  Spaniards  affirm,  that  the  Aml^,  those  lofty 
mountains  of  Peru,  in  comparison  of  which,- they  ijiyr  the  Alps  are  bot  cot* 
cages, may  be  asceaded  in  four  days  compass. 
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which  might,  on  .this  occasion^  so  far  coDtroui(no  greater  a  niiracte 
than  that  of  contiouiug)  the  usual  course  of  nature,  as  to  effect  its 
purpose.  Andy  indeed,  the  event  was  so  extraordinary,  and  the 
consequences  thereof  so  considerable,  that  it  is  very  reasonable  to 
believe  God  did,  in  an  especial  manner,  interpose  therein.  The 
Stoics,  who  supposed  alternate  destructions  of  the  earth  by  fire  and 
water,  made  no  doubt  of  the  possibility  of  a  general  deluge.  **  There 
are  vast  lakes/'  sa^^s  Beueca^  '*  which  we  do  not  see;  great  part  of 
the  sea  lies  hidden  and  concealed,  and  many  rivers  glide  in  secret; 
80  that  there  may  be  causes  of  a  deluge  on  all  sides,  when  some 
watep  flow  in  under  the  earth,  others  flow  round  about  it,  and  be- 
mg  long  peut  up  overwhelm  it ;  and  as  our  bodies  sometimes  dis- 
solve into  swicat,  so  the  jeajrth  shall  melt,  and  without  the  help  of 
4>ther  causes,  shall  find  in  itself  what  shall  drowp  it;  there  being  in 
jail  places,  both  openly  and  secretly,  both  from  above,  and  from  be* 
|ieath»  an  erjuptipy  of  waters,  ready  to  overflow  and  destroy  it/* 

[4ncieni  Universal  History,  VoL  L] 


CHAP.  III. 

THE  SAME  SUBJECT  CONTINUED,  WITH  THE  THBOEY  Of 
EDWABD  KINO,  ESQ.  F.  R.S. 


^FTER  SO  many  conjectures,  as  have  been  already  formed  con- 
cerning the  catise  of  the  universal  deluge,  it  may  perhaps  appear 
both  impertinent  to  attempt  a  new  solution^  and  also  useless,  as 
theories  formed  on  mere  hypothesis  are  always  uncertaki,  and  little 
to  be  depended  upon.  But  if  we  give  them  no  more  weight  than 
they  deserve^  and,  considering  them  only  as  small  steps  towards  Jthe 
investigation  of  truth,  do  not  desire  any  further  assent  to  our  con* 
elusions  than  the  probability  on  which  they  are  founded  demands, 
even  such  kind  of  enquiries  may  be  of  service^  apd  open  a  door  to 
new  discoveries^ 

Where  we  cannot  arrive  at  demonstration,  we  must  be  content 
wi^  probability.    Our  despair  of  attaining  the  one  ought  not  to 
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make  us  neglect  the  other.  And  with  regard  to  this  remarkable 
events  the  universal  deluge,  every  degree  of  probability^  even  the 
smallest,  that  appears  in  an  attempt  to  account  for  it  philosophi* 
cally,  has  its  use ;  as  it  tends  to  remove  those  objections  that  are 
made  to  the  truth  of  the  fact,  by  persons  who  may  not  think  the 
mere  relation  of  it  in  the  Mosaic  writings  a  sufficient  proof  of  the 
reality  of  it ;  or  who  may  be  led,  from  the  difficulty  there  appears 
in  accounting  for  such  an  event,  to  doubt  of  the  authority  of  those 
sacred  books. 

Many  ingenious  hypotheses  have  been  already  formed  on  this  sub. 
ject ;  but  they  all  seem  liable  to  most  insuperable  objections ;  and 
therefore  I  make  no  scruple  to  venture  another  into  the  world, 
which  appears  to  me  free  from  such  difficulties  as  they  are  involved 
in,  and  more  simple.  I  am  willing,  however,  it  should  (all  to  the 
ground,  as  soon  as  there  appear  any  reasonable  and  weighty  objec- 
tions to  it.  I  only  wish  that  the  hints  contained  in  this  paper  may 
be  a  means  of  leading  some  person  of  greater  abilities  to  a  more 
perfect  discovery ;  and  that  it  may  always  be  remembered,  that  the 
fossil  shells  found  in  all  parts  of  the  earthy  are  a  sufficient  proof  of 
the  truth  of  its  having  been  at  some  time  or  other  entirely  covered 
with  water,  however  fallible  any  attempt  to  account  for  the  deluge 
may  be. 

Dr.  Burnet,  in  his  theory,  has  given  such  an  account  of  the  de- 
luge, as  Dr.  Keiil  has  shown  to  be  very  improbable  and  uuphiloso- 
phical.  He  has  first  described  the  primeval  earth  so  as  to  divest  it 
of  ail  beauty  and  elegance,  and  then  has  ascribed  the  deluge  to  such 
causes,  as  are  not  only  somewhat  inconsistent  with  that  part  of  his 
theory,  where  he  supposes  the  earth  to  be  well  watered  and  moist- 
ened with  dew ;  but  are  also  insufficient  to  account  for  th^  waters 
flowing  over  the  tops  of  the  mountains ;  since  on  the  breaking  of  his 
imaginary  shell,  it  is  impossible  to  suppose  that  the  waters  of  the 
abyssj  even  on  such  a  concussion,  should  flow  up  high  enough  upon 
those  parts  that  were  left  elevated,  so  as  to  cover  the  mountains  that 
now  subsist. 

Mr.  Whiston  has  called  in  the  assistance  of  another  planetary 
body  ;  and.  has  supposed  the  tail  of  a  comet  to  be  so  greatly  con- 
densed as  to  afford  a  quantity  of  water  sufficient  for  this  purpose. 
But,  besides  the  inconsistency  of  this  theory  with  that  of  gravita- 
tion, it  is  no  less  difficult,  atcording  to  his  hypothesis,  to  get  rid  of 
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4he  water  with  which  the  eortli  was  coTert d  than  it  is,  aeeovding  to 
^others,  to  find  a  suflkient  quantity. 

Mr.  Ray  has  accounted  for  this  amazing  events  by  supposii^  a 
change  to  have  happened  in  the  centre  of  gravity  of  the.earth«  But 
how  to  find  a  cause  for  such  a  change  in  the  centre  of  grayity,  and 
for  a'restoration  of  it  to  the  same  place  again,  is  more  difficulty  and 
the  supposition  of  it  more  inconsistent  with  our  philosophical  ideas, 
than  any  other  hypothesis  whatever. 

Such  have  been  some  of  the  principal  theories  hitherto  advanced* 
and  far  be  it  from  me  to  presume  that  mine  may  not  in  the  end  be 
found  lequally  fallible ;  but  it  appears  to  me  at  pjresent  to  be  more 
.  plain  and  consistent,  and  at  the  sanl^  time  is  frte  from  that  great 
difficulty  which  has  perplexed  all  the  rest,  and  is  indeed  th^  moit 
important  difficulty  in  the  inquiry,  that  is,  the  accounting  for  a  suf^ 
ficient  quantity  of  water. 

We  find  in  the  Mosaic  history  of  the  creation,  that  God  at  the 
first  created  sea  as  well  as  laud ;  an4  therefore  have  grounds  to  be- 
Jieve  both  from  thence,  and  from  the  reason  of  things,  that  there 
9vas  as  great  a  quantity  of  sea  on  the  aq^ilunan  earth>  as  there  is 
now  upon  the  earth  in  its  present  state. 

We  find  also  the  whole  surface  of  the  earth  to  be  updermined  by 
fubterraneous  fires.  Which  make  their  appearapce  m  various  places, 
in  very  formidable  volcanoes.  This  has  been  the  case  in  Italy,  and 
amongst  the  Azores,  in  Tartary,  in  Kamtschatca,  in  South  America, 
in  Ireland,  in  the  islapds  of  the  East  Indies,  and  jn  other  parts ;  and 
we  havp  reason  to  believe  that  these  lubterraneous  fires  have  made 
^eruptions,  not  unfrequently,  even  }n  the  bottom  of  the  ^a;  as  Mr, 
Mitchell  has  made  appear  in  his  excdlept  paper  concerning  the 
causes  of  earthquakes.* 

"V^e  have  also,  in  the  Philosophical  Transactions,  an  account  of 
entire  islands  being  raised  in  the  Archipelago,  and  likewise  amongst 
the  Azores,  by  such  subterraneous  fircsf ;  and  Mr.  Ray,  in  his  Tra-» 
yels,  mentions  a  mountain  one  hundred  feet  high,  raised  by  the  earth- 
quake in  1538,  which  also  threw  up  so  much  earth,  stppes,  ^kI 
^hes,  as  quite  filled  up  the  X^acus  Lucrinus  t. 

♦  Philos.  Trans.  Vol.  LI.  Part  U,  p.  566. 

+  Philos.  Trans.  No.*r2,  or  Eamei's  Abr.  Yol.  VI,  Part  JJ,  p.  ?03|§IMl 
Jonc»»s  Abr.  Vol.  V.  Part  II.  p.  196. 

±  Ray's  Travels,  old  edition,  p.  «TS:  ' 
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TO' which  may  be  added,  that  fossil  shells  and  other  marine  b<»> 
dies  are  so  universally  found  in  all  parts  of  the  present  continents 
and  islands,  as  to  amount  almost  to  a  demonstration,  that  all  the 
now  dry  land  was  once  covered  with  sea»  and  that  for  a  considerable 
space  of  time,  probably  much  longer  than  the  continuance  of  the 
deluge  is  related  to  have  been.  For  though  such  a  violent  flux  of 
waters  might  have  thrown  up  some  shells  and  marine  bodies  upon 
the  hills  and  mountains,  yet  it  could  not  have  flung  up  such  vast 
quantities,  nor  so  universally*  The  prodigious  beds  of  shelb  which 
we  now  find  .in  all  parts  cannot  well  be  accounted  for,  but  by  sup- 
ponog  the  waters,  in  which  those  shell*fish  lived,  to  have  covered  the 
countries  where  they  are  now  found,  for  a  long  time,  and  even  for 
ages. 

Hie  supposition,  therefore,  which  I  am  about  to  advance,  found- 
ed on  these  facts,  is  this :  that  origmally  Almighty  God  created  this 
earth  with  sea  and  land  nearly  in  the  same  proportion  as  they  now 
remain,  and  that  it  continued  in  that  state  for  many  ages,  during 
which  the  bottom  of  the  sea  became  covered  with  shells,  and  vari- 
ous heterogeneous  bodies  ;  that  from  the  first  of  its  creation  there 
were  also  many  subterraneous  fires  found  withm  the  bowels  of  tlie 
earth ;  and  that,  at  the  appointed  time,  these  fires  burstmg  forth  at 
cmce  with  great  violence,  under  the  sea*,  raised  up  the  bottom  of 
the  ocean,  so  as  to  pour  out  the  waters  over  the  face  of  what  was 
before  dry  land,  which  by  that  means  became  sea,  and  has  perhaps, 
continued  so  ever  since,  as  that  which  was  before  the  flood  the  hot* 
tom  of  the  sea,  probably  from  that  time  has  continued  to  be  conti- 
nent and  dry  land  f  • 

•  Mr.  Mitchell  has  shewn,  in  his  paper  on  the  causes  of  earthquakes,  that 
iuch  subterraneous  fires  are  at  aU  times  very  liable  to  make  eruptions  under 
the  sea,  and  that  when  they  do  so,  the  earthquakes  consequent  upon  such 
eruptions  are  more  extensive  than  any  whatcTer. 

f  I  do  not  mean  by  this  to  insinuate  that  all  that  part  of  the  jg^lobe  which  is 
DOW  sea  was  dry  land  before  the  flood  i  or  that  the  antediluvian  ocean  was 
merely  of  the  extent  of  our -present  continent.  I  apprehend,  on  the  contrary, 
that  there  was  always  a  greater  proportion  of  water  on  the  face  of  the  earth 
than  of  continent ;  and  I  would  only  be  understood  to  mean,  that  all  that  which 
was  dry  land  before  the  flood  is  now  buried  under  the  sea,  whilst  that  which 
was  a  part  of  the  bottom  of  the  antediluvian  ocean  forms  our  present  land  ; 
and  (hat  consequently  some  part  of  the  ocean  was  sea  both  in  the  antediluvian 
farth  and  io  the  present  state  of  it,  and  common  to  both. 
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Thb  hypothesis  may  perhaps  be  liable  to  great  objections ;  but  it 
is  at  least  consistent  with  what  Moses  relates  of  the  fountains  of  the 
great  deep  being  broken  up  ;  and«  without  any  perplexity  or  diii« 
culty,  accounts  at  once  for  a  sufficient  quantity  of  water  to  cover  the 
tops  of  the  highest  antediluvian  mountains^  even  supposing  they 
were  left  standing ;  though  it  is  not  improbable  that  they  might 
be  thrown  down  by  means  of  the  same  earthquake.  If  they  were 
left  standing,  some  of  them  might  (on  the  retreat  of  the  waters  from 
their  tops  after  the  first  concussion)  form  some  of  the  islands  that 
now  subsist, 

I  must  also  add,  that  this  hypothesb  is  perfectly  consistent  with, 
and  perhaps  in  some  measure  accounts  for,  that  singular  position  of 
the  strata  of  coals^  ores,  and  various  kinds  of  earths  (mentioned  in 
Mr.  Mitcheirs  (Hiper),  which  are  found  always  sloping  from  moun« 
tainous  countries,  and  higher  gronnds,  towards  the  bottom  of  the 
sea ;  so  that  what  is  nearest  the  surfifce  of  the  earth  in  mountahis 
and  high  countries  lies  deepest  in  low  lands  and  under  the  sea. 

It  IS,  besides,  somewhat  confirmed  by  that  singular  observation  of 
Dr.  Hasselquist^  in  his  travels,  p.  33,  where,  speaking  of  Natolia  mid 
the  eastern  countries  in  general,  he  says,  **  In  no  place  was  it  moreevi* 
dent  that  the  continent  we  call  earthy  was  in  the  beginning  the  bot^ 
tom  of  the  sea/'  Ulloa  also  informs  us,  that  the  same  thing  is  evi- 
dent  in  the  whole  country  of  Valles  in  South  America  *  :  and  Norden 
tells  us,  that  the  rocks  in  Egypt  bear  evident  marks  of  having  been 
washed  by  the  sea  f. 

These  are  the  reasons  which  mduce  me  to  venture  upon  this  sup- 
position; and  now  I  will  just  consider  one  or  two  objections,  that 
appear  to  me  amongst  the  most  material  which  may  be  made  to 
what  I  haye  advanced. 

It  may  perhaps  be  said^  that  we  read}  *'  of  the  waters  returning 
from  off  the  earth,  and  of  their  being  abated  at  the  en(l  of  the  huii- 
dred  and  fifty  days ;  and  also  of  the  waters  decreasing  continually 
till  the  tenth  month ;  and  of  the  tops  of  the  mountains  being.theu 
seen*'*  And  it  may  be  objected,  that  we  ought  from  thence  to  con- 
cludjC,  that  the  waters  of  the  deluge,  having  covered  what  was  before 

'      '  '  '  r  'I      ■  ' 

•  UUoa'8  yo3rage  tp  South  America,  Vol.  II.  p .  99. 

t  Nordeo's  Travels,  Vol.  II.  p,  91. 

^  Genesis^  ch.  viii.  3--5. 
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dry  ground,  afterwards  retreated^  and  left  the  very  same  hills  and 
land  dry  again. 

But  this  conclusion  is  by  no  means  necessary ;  for  all  that  can  be 
^iferred  from  what  we  find  in  Genets  concerning  the  decrease  of  the 
waters,  is,  that  they  gradually  subsided  from  off  the  face  of  what  b 
now  continent  and  dry  land,  as  of  course  they  would  do  on  the  ele- 
vation of  it,  agreeable  to  the  foregoing  hypothesis.  And  indeed,  if 
the  deluge  was  effected  in  the  way  here  supposed^  we  can  then  give 
t  rational  and  easy  account  how  all  tlie  water  came  to  drain  off  the 
the  ground,  and  to  leave  it  dry  so  soon  as  is  recorded  :  which  other- 
wise is  a  drmimstance  in  this  piece  of  history  very  perplexing.  It  is 
evident  J  that  such  a  violent  earthquake,  or  bursting  forth  of  the  sub* 
terraneous  fire,  as  is  here  supposed  to  have  raised  the  bottom  of  the 
then  sea  (the  present  continents)  at  once  as  high  or  higlierthan 
what  was  before  dry  land,  must  in  a  very  short  time  have  drowned 
and  overwhelmed  the  antediluviaa  earth,  by  pouring  out  the  waters' 
upon  it ;  and  it  is  also  evident,  that  for  lome  tune  the  bottom  of  the 
sea,  s6  raised,  would  continue  cov^ed  with  the  waters,  which,  tiU 
the  vast  agitation  mto  wlrich  they  were  flung  subsided,  would  con- 
tinue flowing  backwards  and  forwards.  But,  by  degrees,  and  very 
easily  within  the  time  mentioned  in  Scripture,  the  water  would  drain 
oflf  from  all  the  higher  parts,  and  leave  the  new  land  quite  dry,  and 
in  the  state  we  now  find  it,  with  strata  of  shells,  and  sand,  and  stones, 
and  other  bodies,  lying  just  as  the  sea  had  by  accident  many  ages 
before  placed  them.  Whereas,  were  the  deluge  occasioned  only  by 
an  addition  of  water  sufficient  to  raise  the  sur^u^  of  the  sea  higher 
^an  the  land  and  mountains,  in  that  case,  it  is  impossible  to  imagine 
any  means,  at  all  consistent  with  the  course  and  laws  of  nature,  by 
which  such  an  immense  body  of  water  could  be  evaporated  or  con* 
veyed  away  in  so  short  a  space  of  time.  And  besides,  in  that  ease, 
the  shells,  &c,  flung  upon  the  land  by  the  concussion  of  the  waters, 
9nd  subsiding  there  witbm  so  short  a  space  of  time,  would  rather  be 
found  lying  according  to  their  specific  gravities  :  a  fact  which  Dr. 
Woodward  supposed  certsdn,  but  which  19  by  no  means  true.  Nor 
indeed,  according  to  the  conjectures  here  advanced,  is  it  at  all  ne- 
cessary that  it  should  be  so.  For,  as  I  iflMgine  the  shells  and  othei(' 
marine  bodies,  which  are  new  found  on  various  parts  of  the  dry  lano, 
to  have  been  placed  there  gradually  during  a  succession  of  ig^» 
whilst  it  was  the  bottom  of  the  sea ;    it  will  follow,  that  they  must 
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be  found  just  as  the  sea,  by  its  wasbings  and  motkm,  laid  them: 
yfhich  would  of  course  first  wash  many  of  them  together,  and  then 
wash  gravel,  or  sand,  or  day,  or  other  substances  over  them  ;  after 
which,  mot«  shells  or  other  bodies  would  be  deposited,  and  then 
more  stones  or  gravel,  &c.  according  to  the  nature  of  the  soil.  Irt 
short,  whatever  was  specifically  heavier  than  water,  would  (after  its 
removal  by  any  agitation)  soon  subside,  and  remain  fixed,  whether 
the  substances  underneath  it  were  specifically  heavier  than  itself  6r 
no :  it  is  sufficient  that  they  were  but  all  specifically  heavier  than 
the  water. 

We  find  to  this  day  great  changes  are  continually  making,  within 
the  memory  of  man,  both  on  the  face  of  the  earth,  in  the  shores,  and 
in  the  bottom  of  the  sea,  even  in  those  small  parts  of  it  that  we  arc 
acquainted  with ;  and  such  changes  must  also  liave  happened  before 
the  flood,  and  might  very  probably  produce  that  situation  of  shells, 
&c.  so  different  from  what  might  be  expected  from  their  specific 
weights. 

Another  objection  may  perhaps  be  made  by  saying,  if  all  the  an- 
tediluvian earth  was  at  once  overwhelmed,  and  of  course  all  its 
plants  with  it,  whence  came  it  to  pass,  that  the  now  dry  hind  was  so 
soon  covered  with  vegetables  and  herbage  of  all  kinds?  To  this  I 
answer,  m  the  first  place,  that  the  difficulty  is  just  the  same,  whether 
we  suppose  the  bottom  of  the  antediluvian  sea  to  be  the  present 
continents,  or  whether  we  suppose  the  face  of  the  earth  to  have  re- 
mained the  very  same ;  since,  by  the  waters  of  the  deluge,  idl  plants, 
trees,  and  vegetables,  must  in  both  cases  equally  have  been  destroy- 
ed ;  and  nothing  could  well  remain,  except  some  of  their  shoots  and 
seeds ;  which  might  just  as  well  take  root  on  the  new  continent,  on 
the  subsiding  of  the  waters,  as  on  the  old.  And  in  the  next  place,  I 
answer,  that  there  are  not  a  few  instances  (as  is  shown  m  Stilling, 
fleet's  Tracts*)  of  barren  rocks  and  plains  becoming  by  degrees  well 
covered  with  verdure,  though  very  remote  from  any  places  that 
might  apparently  furnish  seeds.  They  have  first  borne  a  kind  of 
moss,  and  afterwards  other  plants  of  an  higher  order  (the  seeds  be-^ 
ing  brought  there  by  accident,  and  by  the  various  and  admirable 
means  of  conveyance,  which  the  Creator  has  given  them),  till  at  last 


•  StUlingflcet's  Tracts,  p.T8,  and  also  p.  45,  where  an  instance  is  produced 
mnch  to  the  parpese,  of  marshes  becoming  by  degrees  fine  meadows. 
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they  have  been  covered  with  rich  verdure.  To  which  may  be  added 
a  very  extraordinary  fact,  now  well  known,  namely,  that  if  a  piece 
of  ground  which  has  not  been  cultivated  be  turned  up,  and  the  clods 
loosened,  it  will  very  soon  produce  a  variety  of  plants,  some  of 
which  were  never  known  to  grow  there  before.  We  find  that  one 
acorn  is  sufficient  to  produce  a  forest,  and  it  is  by  no  means  to  be 
supposed  (let  the  deluge  have  happened  how  it  would)  that,  imme* 
diately  after  it,  the  earth  was  as  well  clothed  with  verdure,  as  it  has 
become  since.  Probably  it  was  for  a  time  in  general  very  barren, 
except  such  parts  as  Noah  and  his  sons  cultivated,  with  seeds  which 
they  had  preserved  in  the  ark. 

As  to  the  leaf  which  the  dove  brought  in*,  that  might  be  found 
on  some  plant  which  had  taken  fresh  root  unmediately  on  the  sub- 
siding of  the  waters,  or  it  is  not  impossible  but  the  top  of  some  an. 
tediiuvian  mountain,  having  been  but  slightly  covered,  might  on  the 
ceasing  of  the  first  concussion  (as  I  before  observed)  remain  in  the 
state  of  an  island,  elevated  above  the  surface  of  the  sea. 

1  apprehend,  no  objection  of  any  weight  can  arise  from  the  de. 
scription  of  paradise  in  Scripture,  nor  from  its  being  said  that  the 
ark  rested  on  the  mountains  of  Ararat :  since,  whether  the  conti- 
nent was  changed  or  no,  there  is  no  place  now  remaining  that  aa^ 
swers  the  description  of  the  former ;  nor  is  there  any  thing  said 
about  the  latter  that  should  lead  us  to  conclude  th^re  ever  was  such 
a  mountain  as  Ararat  before  the  flood. 

But*  leaving  these  objections  from  the  words  of  Scripture;  and  the 
history  of  the  deluge ;  another  may  perhaps  arise,  from  this  cir- 
cumstance, that  shells  are  found  m  various  parts  of  the  earth,  which 
are  evidently  not  the  shells  peculiar  to  the  seas  adjoining,  but  such 
as  belong  to  a  different  climate.  This  fact  at  first  certainly  seems 
to  contradict  what  I  have  advanced  :  and  yet,  when  well  considered. 
It  will  perhaps  rather  be  found  to  confirm  my  hypothesis.  For  let 
any  one  but  look  on  a  terrestrial  globe,  and  he  will  instantly  sc^, 
that  the  present  continents  are  evidently  not  in  the  same  climates  as 
the  present  seas ;  and  therefore,  though  the  shells  found  in  many 
places  of  the  earth  are  not  found  in  the  neighbouring  parts  of  the 
ocean ;  yet,  when  those  parts  of  the  earth  were  ocean,  they  might 
have  had  a  very  proper  climate  and  situation  there.    Thus,  for  in- 

♦  Genesis,  Tiii^  II. 
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•taoce,  we  may  observe  that  the  Mediterranean  is  in  a  more  southern 
dknate  than  the  neighbouring  continent  of  Europe^  and  in  a  more 
northern 'dimate  than  that  of  Africa.  And  the  whole  continent  of 
Asia  is  in  a  climate  much  more  northern,  than  the  neighbouring  In« 
dian  oce.'sn. 

Bnt»  if  this  solution  of  the  difficulty  is  not  thought  sufficient,  it 
may  be  added,  that  so  great  a  concussion,  and  such  a  change  in  the 
figure  of  the  earth,  as  must  have  happened  from  the  subterraneous 
fires  elevating  so  many  parts  higher  than  they  were  before,  might 
possibly  affect  the  gravitation  of  the  parts  of  the  globe  of  the  earth, 
and  cause  it  to  revolve  round  a  different  axis  after  the  flood ;  whence 
there  would  undoubtedly  arise  a  change  of  climate  in  all  parts,  suf-; 
ficient  to  account  for  the  present  situation  of  shells,  in  places  so 
foreign  to  the  climates  where  shell-fish  of  the  same  species  are  now 
found*  And  as  I  have  before  observed  with  regard  to  seeds,  so  it 
may  also  be  observed  with  regard  to  shell  fish,  that  the  conveyance 
of  a  very  few  of  each  sort  (by  the  flux  of  water)  to  the  beds  |>roper 
for  them,  would  be  sufficient  to  preserve  all  the  various  kinds,  and 
to  cause  them  now  to  be  found  in  such  numbers,  in  those  parts  of  the 
ocean  that  are  best  adapted  to  each  peculiar  class. 

Another  thing  proper  to  be  taken  notice  of,  is  the  horns  and 
bones  of  terrestrial  animals  being  found  in  the  earth;  together  with 
fossil  shells;  which  seems  to  contradict  the  supposition  of  the  pre- 
lent  continents  having  been  originafly  the  bottom  of  the  sea.  But 
with  regard  to  this,  I  must  beg  leave  to  observe,  that  probably  some 
of  those  bones  have  been  deposited  there  since  the  flood,  and  have 
been  covered  by  an  addition  of  earth,  as  has  happened  also  to  some 
of  the  trees  and  woods  that  were  cut  down  in  this  bland  by  the 
Romans.  And,  as  to  the  rest,  it  cannot  be  supposed,  but  that  on  the 
first  great  eruption,  which  poured  the  waters  of  the  ocean  upon  the 
dry  land,  there  must  have  been  a  violent  agitation  for  some  time,  by 
their  flowing  backward  and  forward;  during  which  interval,  the 
bodies  of  many  terrestrial  animals  (floating  on  the  water)  would  be 
vrashed  to  different  parts  of  the  new-raised  continent,  and  be  left 
there  as  the  water  subsided. 

Some  little  objection  perhaps  may  arise,  from  its  being  observed 
that  ^  sea  at  present  covers  a  much  greater  part  of  the  globe  than 
the  dry  land  does. 

But  I  apprehend  this  was  also  the  case  brfore  the  flood;  and  it 
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iRiay  easily  be  conceived,  that  some  jmrt  of  the  bottom  of  the  ante- 
diUivian  ocean  might  be  flung  in  the  manner  supposed  in  this  paper* 
and  not  the  whole ;  and  that  the  bottom  of  the  present  ocean  con- 
sists  not  only  of  what  was  before  the  flood  dry  iand^  but  also  of 
some  part  of  what  was,  even  from  the  beginning,  the  bottom  of 
the  sea. 

I  will  therefore  only  just  add,  that  probably  the  same  subterra* 
neous  fires  (which  originally  raised  the  continents  and  islands  that 
BOW  appear,  and  have  ever  since  been  making  great  changes  in  the 
bowels  of  the  earthy  and  producing  those  tremendous  earthquake^ 
which  have  happened  from  time  to  time)  may  in  the  end  break  forth 
with  redoubled  vi<rfence,  and  destroy  it,  in  the  manner  foretold  in 
Scripture. 

It  may  not  be  amiss  to  add,  in  confirmation  of  the  foregoing>hypo- 
thesis,  that  the  beds  of  shells,  discovered  m  chalk^pits,  gravel*pits, 
and  other  places,  consist  generally  of  one  or  two,  or  at  most  of  a 
▼eiy  few  diflerent  sorts  in  each  particular  place,  as  they  would  id 
course  do  upoq  a  supposition  that  those  respective  beds  were 
formerly  at  the  bottom  of  the  sea,  in  the  several  places  where  those 
different  kind  of  shell*fish  lived  and  bred;  and  that  they  were  from 
theuee,  together  with  the  bottom  of  the  antediluvian  ocean,  raised 
up  by  the  force  of  subterranean  fires :  for  we  may  observe  in  the 
present  seas,  that  one  species  of  shell-fish  take  up  their  habitation  in 
one  place,  whilst  those  of  a  different  species  are  found  m  some 
other;  and  that  numbers  of  the  same  kind,  as  for  instance  cockle^ 
or  oysters,  are  generally  found  oo  the  same  banks.  The  present 
aj^arance  of  fossil  shells,  therefore,  does  at  least  in  this  respect 
seem  consistent  with  the  conjectures  here  advanced  :  whereas,  tipoa 
a  supposition  that  these  fossil  shells  were  carried  to  their  respective 
placeg,  at  the  time  of  the  flood,  merely  by  the  torrent  of  water  that 
then  flowed  to  and  fro,  they  ought  rather  to  be  found  mixed  pro* 
ttiscttously  together ;  and  not  those  of  one  species  in  one  place ; 
and  those  of  a  different  species  in  another.  And  I  beg  leave  here 
to  mention,  that*  since  the  writing  of  the  foregoing  p^^r,  I  find  an 
hypothesis  somewhat  similar  to  what  is  h^e  ^advanced  was  adopted 
by  Lazzaro  Mbro,  a  Venetian  author,  who  asserts  that  the  continents 
were  originally  raised  by  subterranean  fires ;  but  he  considers  this 
merely  as  the  cause  of  their  first  and  original  formation,  and  not  as 
havMig  occasioned  the  deluge*  nor  as  having  happened  b^  that 
time.  [PhU.  Trans.  VoL  LVII.] 
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CHAR  IV. 

Oir  tHE  CAUSE  AND  NATURE  OF  THE  INEQUALITIES  THAT 
DIVERSIFY  THE  SURFACE  OP  THE  EARTH. 

Ill  A  Letter  addressed  to  Sir  Homphrt  Davt,  by  William  RiCHABDSour,  D.  D. 

Sir, 

1  REgUESTjou  will  be  so  good  as  to  lay  before  the  Royal  Society 
the  following  Observations  ou  the  Natural  Hbtory  of  that  part  of 
Antrim,  (contiguous  to  the  Giant's  Causeway,)  which  you  and  I  ex* 
amined  so  carefully  together.  I  know  not  any  country  that  deserves 
so  well  to  have  its  facts  faithfully  recorded  -,  from  the  important ' 
conclusions  to  which  they  lead. 

The  basaltic  area  (taken  in  its  whole  extent)  comprehends  the 
greater  part  of  Antrim,  and  the  east  side  of  Deny,  to  a  considerable 
depth. 

In  a  geological  pohit  of  view.  Nature  *  has  been  very  kind  to  this 
district ;  for  not  content  with  assembling  together  in  a  small  space  so 
tnany  of  her  curious  productions,  and  art^nging  them  with  more 
regularity  and  steadiness  than  in  any  other  country  described,  she 
has  condescended  occasionally  to  withdraw  the  veil,  and  lay  herself 
open  to  view,  often  exhibiting  a  spectacle  equally  gratifying  to  the 
admirer  of  magnificence,  and  to  the  curious  naturalist,  who  can  here 
by  simple  inspection,  trace  the  arrangements  which  are  to  be 
discovered  elsewhere,  only  by  penetrating  beneath  the  surface  of  the 
earth. 

As  soon  as  we  enter  the  basaltic  area,  we  begin  to  perceive  traces 
of  these  arrangements;  as  we  advance  farther  north,  they  increase; 
and  in  the  tract  near  the  shore,  and  especially  at  the  island  of 
Rathlin,  which  seems  to  have  come  fresher  from  the  hand  of  Nature 
than  the  rest  of  our  area ;  the  stratification  of  the  whole  is  perfectly 

*  By  the  word  nature,  which  frequently  occurs  in  the  course  of  tliis  Memoir, 
1  always  mean,  according  to  Rat's  definition,  the  wisdt>v  of  Ood  in  'th* 
creation  of  the  worW. 
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visible^  and  the  natare  of  the  several  strata  laid  open  to  us  at  their 
abrupt  and  precipitous  terminations. 

To  the  southward  we  perceive  the  dbtinctive  features  abate,  and 
wear  away ;  the  basaltic  stratification  indeed  remains,  but  is  no 
longer  displayed  to  us  in  the  same  manner;  the  neat/ prismatic, 
internal  construction/  of  the  strata^  which  occurs  so  fi^quently 
on^  and  near,  the  coasts  is  scarcely  to  l>e  met  with  at  a  distance 
from  it ;  a  rude  columnar  appearance  is  all  we  find,  and  that  but 
rarely. 

It  is  at  the  periphery  of  our  area>  and  especially  tit  its  northern 
side,  that  every  thing  is  displayed  to  the  greatest  advantage;  here 
we  have  perpendicular  facades  often  continuous  for  miles,  and  every 
separate  stratum  completely  open  to  examination. 

Of  these  fapades,  four  are  more  distinguished  by  their  grandeur 
and  beauty  than  the  rest,  Magilligan  Rock,  Cave  Hill,  Bengore,  and 
Fairhcad. 

The  two  former  are  at  the  extreme  points  of  the  north-west  diago- 
nal of  our  area,  and  nearly  forty  miles  asunder ;  they  are  at  the 
summits  of  mountains,  and  accessible  by  land. 

The  precipitous  faces  of  Fairhead  and  Bengore,  to  which  1  had 
the  pleasure  of  attending  you,  and  which  are  visible  only  from  the 
sea,  are  the  most 'beautiful,  and  the  most  curious;  for  the  strata, 
which  at  Magilligan  and  Cave  Hill,  are  all  nearly  similar^  at  Fair- 
head  and  Bengore  are  much  diversified.  Of  Fairhead  I  have 
already  published  an  account  in  Nicholson's  Journal,  for  December 
1801,  and  I  now  propose  to  execute  an  intention  which  I  have  had 
for  some  years  of  giving  a  minute  account  of  Bengore. 

I  am  aware  that  it  will  be  extremely  difficult  to  convey  a  clear 
and  adequate  idea  of  an  assemblage  of  l6  strata,  (for  such  is  the 
number  of  which  our  promontory  is  composed  }j  appearing  and  dis? 
appearing  at  various  altitudes,  yet  retaining  each  Us  own  proper 
place,  and  forming  together  a  most  beautiful  and  regular  whole, 
though  never  considered  as  such  before. 

But  as  I  have  the  aid  of  very  correct  views  of  the  most  important 
pa?ts  of  the  facade,  to  the  accuracy  and  fidelity  of  which  I  have 
already  obtained  your  testimony-— I  shall  venture  to  proceed,  for  I 
am  anxious  to  bring  into  notice  the  most  complete  exposure  of  the 
internal  structure  of  a  district,  that  I  have  seen  or  read  of;  as 
there  is  little  likelihood  that  any  other  person  will  enjoy  the 
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Opportunities  wbkh  I  hare  had  io^  so  inaDy  years,  of  exploring 
tills  interesting  part  of  our  coast,  through  a  turhuknt  sea  and 
rapid  tides. 

Description  of  the  Promontory  of  Bengore,  and  its 
Straiifimtion. 

This  promontory  commences  sit  the  termination  of  Bushfoot 
Strand^  where  the  coast,  the  general  direction  of  which  for  several 
wiles  had  been  due  east  and  west,  turns  to  the  u<Hlh-east,  and  after 
being  cnt  into  several  semi-circular  bays,  deflects  to  the  S.  S.  £.  and 
near  the  old  castle  of  Dunseverick,  resumes  its  former  rectilineal  and 
nearly  eastern  direction. 

The  promontory  occupies  the  interval  between  Dunseverick,  and 
the  Black  Bock,  at  the  end  of  Bushioot  Strand,  about  four  Euglisli 
miles ;  the  fcipades  commence  at  Black  Rock,  and  increase  in  height 
until  we  reach  Pleskin,  where  the  perpendicular  part  at  the  summit 
is  170  feet,  and  the  pvedpitous  part  from  the  bottom  of  the  pillars 
to  the  sea  ^00.  As  we  {M'oceed  on  from  Pleskin  to  Dunseverick, 
the  height  gradually  abates,  and  is  finally  reduced  to  about  ICX) 
feet. 

In  tliis  whole  space,  wherever  the  precipice  is  accurately  perpen* 
dicular,  the  several  strata  are  easily  distinguished  from  each  other, 
but  where  the  slightest  obliquity  prevails,  a  grassy  covering  is  formed 
that  effectually  conceals  all  beneath  it ;  hence'  the  face  of  the  preci- 
pice seems  much  diversified ;  the  colunmar  strata  m  some  places 
only  exhibiting  detached  groups  of  |Mllars,  while  in  others  they  form 
extensive  colonnades. 

I  shall  now  state  the  appearances  as  we  approach,  and  coast  the 
promontory  from  the  westward,  noticing  in  thb  first  view  of  the  pre^ 
cipice,  every  thing  that  may  be  considered  as  general,  and  reserving 
for  my  return  in  the  contrary  direction,  a  detailed  account  of  the 
strata  taken  separately. 

The  first  circumstance,  that  occurs'to  the  attentive  observer  01^ 
his  approach,  is,  that,  although  both  the  promontory  itself,  and  the 
strata  composmg  it,  ascend  to  the  northward,  yet  it  is  not  in  the 
same  angle,  the  strata  being  more  inclined  to  the  horizon  than  the 
line  tracing  the  surface  of  the  promontory,  a  fact  which  I  shall 
account  for  afterwards. 

From  the  BJack  Rock  to  the  Qiant's  Causeway  (about  a  mile) 

vol..  I.  T 
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the  mi^erkils,  and  their  arrangeineiit,  are  similar  to  those  of  the 
coast  to  the  westward,  viz.  strata  of  tahle  hasalt,  generally  separated 
by  thinner  strata  of  a  reddish  substance* 

At  the  Giant's  Causeway  a  new  arrangement  commences,  by  the 
aggregate  of  which  our  coast  is  formed  ;  nahire  having  changed  her 
materials,  or  their  disposition,  or  both,  every  two  or  three  miles. 
To  the  system  of  strata  comprehended  between  the  Giant's  Cause* 
way  and  Dnnseverid[  I  now  Ihnit  myself,  as  all  the  strata  composing 
it  emerge  between  these  two  points* 

As  we  proceed  along  the  coast  Aom  the  Giant's  Causeway  east* 
ward,  we  perceive  the  whole  mass  of  strata  ascend  gradually,  cul« 
mmate  at  the  northern  point  of  the  promontory,  and  then  descend 
more  rapidly,  as  the  land  fiaills  away  to  the  south-east,  until  having 
traced  them  across  the  face  of  the  precipice  we  see  them  imm€i;ge 
separately  at  and  beyond  Portmoon  Whyn  Dykes. 

Tlie  western  side  of  the  promontory  is  cnt  down  perpendicularly, 
by  eleven  Whyn  Dykes ;  the  intervals  between  them  are  unequid, 
but  they  all  reach  from  the  top  of  the  precipice  to  the  water,  oat  of 
which  some  of  them  again  emerge  in  conaderable  iragmeuts;  they 
are  all  constructed  of  horizontal  prisms,  which  are  strongly  oon* 
frasted  with  the  vertical  {HUars  of  the  strata  through  which 
they  pass* 

One  of  the  dykes  at  Port  Cooan,  on  Beng<»e,  half  a  mile  iixHa 
the  Giant's  Causeway,  b  very  beautiful ;  an  insulated  rock  about  l60 
feet  high,  and  ^0  in  diameter,  stands  perpendicular  in  the  middle  of 
a  small  bay ;  the  main  body  of  the  rock  is  similar  to  the  contiguous 
consolidated  masses  j  but  on  the  east  side  a  singular  whyn  dyke  is 
joined  to  it,  composed,  (as  they  offon  are)  of  several  wdls  aggluti- 
nated together,  with  walMike  fragments  of  other  parts  of  the  d^ke 
emerging  at  thenr  base ;  the  solid  mass  of  dykt  is  seoi  cottingdowa 
the  precipice  to  the  southward  at  150  yaids  dbtaaoe* 

Depressions  of  the  Strata. 

Soon  after  we  have  passed  the  last  of  our  whyn  dykes  at  Poft 
Spagna,  (a  name  derived  from  a  vessel  bekmghig  to  the  Spanish 
Armada  having  been  driven  ashore  in  that  Creek),  we  dbcover 
a  new  and  curious  cireumstance,  viz.  that  the  western  half* of  th^ 
promontory  lias  sunk  or  sub^ded  between  thirty  and  forty  feet. 
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•without  the  sli£;bte8t<}oncussioii  or  .decangemeDt  of  the  p^traUeUsm 
.of  the  strata. 

Two  other  depressions  appear  as  we  proceed  onwardsf^  one  at 
PortmooPy  and  the  other  at  the  angle  where  the  promontory  be^s 
to  project  from  the  rectilineal  coast;  these  however  are  far  less 
considerable  in  thickness  than  the  preceding,  neither  of  ihem 
exceeding -five  feet. 

Such  depressions  occur  at  Ihe  collieries  near  Ballycastle,  and  gene- 
jally  on  one  side  of  a  wbyn  dykcu  We  have  also  at  Seaport,  two 
miles  west  from  Ihe  Giant's  Caaseway>  a  dyke,  oblique  jand  undu^ 
•latiug,  with  a  depression  of  tbe  strata  of  about  four  feet  on  one 
^ide :  but  on^Bengore  promontory  our  dykes  are  unaccompanied  by 
depressions  c^  the  atra^;  and  whei^e  we  have  depressions,  we  do  not 
fynd  a  trace  of  a  dyke. 

The  portions  of  this  extensive  iA^?ide,  which  I  bavje  selected  for 
/explanatory  views,  are  Portmoon,  in  or  near  which  most  of  the 
strata  emerge^  afid  Pleskin,  where  the  strata  culminate*  Each  of  these 
views  too,  exhibits  one  of  our  depressions ;  but  in  that  of  Pleskin, 
the  first  apparent  depression  is  purely  an  optical  effect  arising  from 
.die  position  of  my  friend  M^or  O'Neal,  of  the  ^tb,  who  took  his 
mem  from  the  water. 

Enumeration  of  the  siifteen  Strata  that  compose  the  Promontory 

qf  Beagore^  taken  in  tlmr  regular  Order ^  and  counting  from 
.  '  above. 

The  country  immediately  to  the  southward  of  Bengore  is,  like  the 
.Promontory  itself,  a  stratified  mass,  accumulated  to  the  summits  of 
Craig  Parit  «nd  Croaghmore,  the  firrt  five  hundred  and  the  second 
.seven  hundred  feet  iMgh ;  but  with  these  strata  Ihave  nothing  to  do, 
limiting  myself  to  those  alone  of  which  the  promoutoryjs  formed,, 
and  which  are  exhibited  in  its  fa9ades. 

The  uppermost  of  these  commences  near  half  a  mile  to  the  east- 
,ward  of  the  angle,  wher^  the  coast,  deflecting  from  its  due  east 
and  west  cojurse^  turns  to  the  northwest,  and  begins  to  form  tbfi 
-promontory. 

So  far  the  course  of  this  stratum  is  to  appearance  perfectly  hori- 
zontal; for  the  strata  all  ascending  to  the  north,  the  intersection  of 
their  planes  with  the  plane  of  the  sea,  must  run  east  and  west,  that 
is,  in  the  present  cas0  it  coittcides  with  the  direction  of  the  coast, 
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But  when  the  coast,  changes  its  direction^  this  coincidence  ceases, 
and  the  fapade  (that  is  the  vertical  section  of  the  coast)  losing  its 
east  and  west  coui^,  its  strata  must  appear  to  ascend  towards  the 
point  it  turns  to;  therefore  the  strata  at  Portmoon,  and  along  the 
north-east  side  of  the  promontory,  should  ascend  obliquely  along 
the  ia^ades,  as  they  actually  do. 

First  Stratum. 
The  stratum  I  commence  with  forms  the  whole  iapade,  from  tts 
first  appearance  until  it  reaches  the  promontory;  it  consists  of  mas- 
sive pillars  rather  rude,  and  about  sixty  feet  long>  its  course  for  half 
a  mile  fas  I  have  stated)  seems  horizontal  i  but  on  the  face  of  the 
promiontory  it  ascends,  and  continues  to  rise  uniformly  until  it 
reaches  the  summit,  which  it  lines  as  far  as  Portmoon,  on  the  south 
side  of  which  it  loses  some  of  its  thickness,  then  suddenly  disap- 
pears and  vanishes  from  that  fafade,  receding  westward  in  the  form 
of  a  stony  iidge,  and  is  seen  no  more. 

Second  Stratum. 

The  stratiim  upon  which  the  preceding  rests,  is  red  as  bricli, 
and  about  nine  feet  thick;  it  appears  in  spots,  and  patches  just 
above  high  water  mark,  so  long  as  the  incumbent  stratum  continiies 
hodzontal ;  but  when  that  rises  obliquely,  the  second  ascends  with 
it ;  it  is  now  completely  displayed,  and  having  supported  the  pre- 
ceding in  its  course  to  the  summit^  vanishes  with  it  and  is  seen  no 
more 

These  ochreous  matters,  so  common  in  all  basaltic  countries, 
according  to  Mr.  F.  St  Pond's  opinion,  were  once  pure  basalt,  but 
have  undergone  some  chemical  process  of  nature  we  are  unac- 
quainted with,  by  which  their  colour  has  been  changed. 

Third  Stratum. 

The  next  stratum  is  the  last  of  those  composing  the  promontory 
which  appears  beyond  it ;  for  so  long  as  the  first  and  second  con- 
tinue theur  horizontal  course  towards  Bengore,  this  third  accompanies 
them,  shewing  Its  upper  surface  between  high  and  low  water  mark ; 
but  when  it  ascends  along  with  the  others  across  the  fii^des,  it  dis- 
plays its  whole  thickness,  above  fiflty  feet. 

Tliis  stratum  is  of  that  variety  of  basalt,  I  have  on  different  occa- 
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tions  disliiiguishfd  by  the  name  irregular  prismatic :  it  resembles  the 
colupinar  basalt  ia  graiD*  but  differs  from  it  totally  in  principle  of 
ii^mal  construction;  for  its  prisms  are  small,,  not  articulated, 
and  indifierent  as  to  the  position  of  their  axes,  which  is  perpetually 
changing. 

The  uregular  prismatic  basalt  accompanies  the  columnar  in  most 
countries,  as  at  Pont  du  Baume,  at  Trezza,  at  Bolsena  in  the  Sound 
of  Mull,  and  at  Staflb.  In  Antrim,  it  is  very  common ;  and  here  is 
a  striking  resemblance  between  the  rock  crowning  the  celebrated 
columns  at  Stafia,  and  a  stratum  covering  a  very  neat  colonnade  at 
Craigahullur,  n^r  Portrush. 

This  stratum  is  scoUoped.off  irregularly  from  the  point  where  it  be- 
comes^supeificial,  until  it  completely  disappears ;  a  thin  stripe  of  its 
lower  edge  alone  is  ever  resumed  again. 

Fourth  Stratum. 

The  next  three  strata  will  require  only  very  short  descriptions. 
The  fourth  b  abdut  seven  feet  thick,  entirely  columnar,  the  pillars 
email,  but  not  neat ;  they  appev  very  white  from  a  thick  covering 
of  Byssus  saxatilis,  which  shews  a  great  predilection  for  this 
•tratum* 

Fifth  Stratum. 

This  stratum  is*  ocfareous,  and  more  of  a  slafe  colour  than  any 
of  the  other  r^  strata;  as  it  is  friable,  it  soon  acquires  a  grassy 
coat,  through  which  it  is  only  in  spots '  that  it  shews  its  proper 
colour;  it  b  aboitt  eight  feet  thick* 

Sixth  Stratum. 

Tlus  stratum  is  composed  of  rude  massive  pillars  so  coarsely 
formed,  that  on  the  least  abatement  of  perpendicularity  the  columnar 
form  can  .scarcely  be  traced.  This  stratum  is  about  ten  feet  thick : 
it  forms  the  vertex  of  the  beautiAil  conical  island  Beanyn  Daana* 

These  last  strata,  thou^  they  have  nothing  very  remarkable  in 
themselves,  nor  contribute  niuch  to  the  beauty  of  the  facade,  yet 
exhibit  one  of  the  most  important  facts  I  am  acquainted  with 
in  natural  bistoryt  and  which,  when  attentively  considered^  throws 
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much  light  on  Qit  natorc  of  the  operations  performed  vpod  onr 
globe  tince  its  consolidation^  and  leads  as  irresistibly  to  eoMchnions 
extraordinary  and  unexpected. 

Tiie  fourth,  fifth,  and  sixth  strata  reach  the  top  of  the  precipice, 
and  vanish  together  at  the  waterfall  in  the  north-west  comer  of 
Portmoon.  When  they  come  to  the  surface,  they  turn  ialand  to  the 
westward  in  long  stony  ridges ;  these  obstruct  the  course  of  the 
waters  in  theiv  descent  along  the  inclined  phine,  formed  by  the  sur- 
fuce  of  the  promontory,  and  throw  them  over  the  precipice,  in 
a  cascade  highly  beautiful  after  rain. 

On  the  facades  to  the  north-west  not  a  trace  of  them  appears, 
these  being  entirely  formed  by  the  lower  strata,  whidi  I  have  not 
yet  noticed ;  but  at  the  distance  of  a  mile,  at  the  great  depression 
(already  mentioned),  the  fourth,  fifth,  and  sixth  strata,  with  a  nar- 
row stripe  of  the  third,- suddenly  appear,  in  their  regular  posts,  their 
prq>er  ord^r,  and  with  idl  the  characteristic  marks  peculiar  to  each 
sqparate  stratum. 

Intheinterval  between  the  depression  at  Pleskiu,  and  the  Gianfs 
Causeway  (about  a  mile),  these  three  strafiEi  often  appear  in  a 
desultory  way  on  the  summit  of  the  precipice,  wherever  it  is  of  suf- 
ficient height  to  receive  them,  always  preserving  their  usual  thick* 
ness,  their  characters,  and  their  order;  so  that  a  person  master  of 
the  order  I  am  detailings  as  he  approaches  a  rising  point  of  the 
preci^Mce,  can  telf  its  strata,  and  then:  order^before  be  is  near  enough 
to  distinguish  them* 

Seventh  Stratum. 

The  rude  and  massive  pillars  of  the  sixth  stratum  pass  into  the 
neater,  and  much  longer  columns  of  the  seventh,  without  interrupt- 
ing the  solidity  or  continuity  of  the  material;  exactly  as  a  down- 
held  hand  appears  to  separ^e  into  fingers.  Th^  thickness  of  this 
stratum,  that  is  the  length  of  the  pOars  of  wftich  it  is  formed,  is 
fifty-four  feet;  and  in  its  passage  acroi^  the  face  of  the  precipice, 
displays  more  beautifiil  colonnades  than  any  of  the  otheis. 

This  seventh  stratum  emerges  firom  the  beach  immediately  behind 
fte  south-east  point  of  Portmoon,  and  where  it  fii^  shews  itself  in 
that  bay,  has  its  lower  edge  raised  only  a  few  feet  above  the  watei'; 
it  forms  the  upper  frustum  of  the  lai^r  of  tie  two  conical  irftodi^ 
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aaeends  obliquely  along  the  £ice  of  Portmooo,  and  continues  to  rise 
UBtii  it  composes  tbe  upper  range  ia  the  beautiful  facade*  properly 
caUed  Btog^  Head.  This  is  probably  tbe  most  ms^ificent  of  ail^ 
its  conVexily  towards  tbe  8e&  producing  a  fine  effect  Tbe  lower 
edgie  of  this  stratum,  that  is  tbe  line  forming  tbe  base  of  its  pillars, 
bas  her^  i^  at  Pleskin,  attained  tbe  height  of  three  hundred  feet 
above  the  water. 

This  seventh  stratum,  like  those  above  it,  also  auflers  an  interrup- 
tion; for  after  bavii^;  exhibited  itself  to  such  great  advantagie 
at  Bengore,  the  extreme  nordiem  point  of  tbe  promo^ory  lowers, 
and  this  stratum  disappears  for  about  one^bird  of  a  mile ;  as  the 
promontory  rises,  it  b  resumed  again  in  great  beauty  at  Pleskin,  and 
is  interrupted  no  more;  we  scarcely  ever  lose  sight  of  it  until  vrp 
wesidb.  Port  Noflfer  (the  next  bay  to  tbe  CaUseway) ;  hece,  for  want 
of  perpendicularity  it  is  little  seen,  and  is  finally  lost  over  the  Causo- 
ivay,  we  know  not  well  boir* 

Eighth  Stratum. 

The  next  stratum  is  of  the  same  variety  of  basalt  with  the  third, 
that  is,  irregular  prismatic;  it  is  fifly-four  feet  thick.  Where  it 
emerges  at  the  sputh-east  corner  of  Portmoon,  it  is  quite  accessible 
by  land,  and  afibrds  the  best  opportunity  I  know  for  examining  this 
species  of  basalt,  as  it  is  there  very  neat. 

There  is  little  more  of  this  stratum  seen  in  the  facade  of  Port- 
moon  for  want  of  perpendicufaurky,  but  it  forms  the  lower  frMstum 
of  the  great  conical  i^and  Beanyn  Daana,  an^  the  whole  of  the 
smaUer,  except  the  base ;  it  is  wdyi  di9pla}'ed  over  the  .remainder  of 
tbe  precipice,  it  forms  the  intermediate  stratum  between  the  magni* 
.ficent  colonnades  at  both  Bengore  and  Pledsin,  and  finally  is  lost 
just  over  tbe  Giant's  Causeway.  Lai^e  globular  fragments  have 
fallen  from  it,  and  are  scattered  about  the  Causeway* 

Ninth  Stratum. 
This  stratum  is  forty-four  feet  thick,  that  being  the  exact  length 
of  the  neat  pillars  composing  it ;  at  its  emersion  it  forms  the  bases 
of  tbe  two  conical  islands  in  Portmoon,  and  is  no  pore  seen  in  that 
bay ;  but  immediately  to  the  northward  it  begins  to  shew  itself  in 
colonnades  and  groups,  some  of  them  resembling  castle?  anjl 

'towers* 
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It  ascendis  along  the  precipice  obliquely,  Kke  those  above  it,  forhi* 
the  lower  range  at  Bengore  and  Pleskin,  from  which  last  it  dips  to 
the  westward  regulariy>  composes  the  group  at  Port  Noffer»  called  the 
Organs ;  seen  from  tlie  Caoseway,  andlBnally  at  its  immenton,  or  n»- 
tersectibn  with  the  plane  of  the  sea,  it  forms  the  beantifiil  assemblage 
of  neat  pillars,  so  long  dbtingnished  by  the  name  of  the  Gmnl*ii 
Causeway. 

*  At  these  two  intersections,  each  of  them  accessible  by  land  and 
water,  the  prbms  exactly  resemble  each  other  in  grain,  sice,  and 
neatness;  tjie  interval  between  them  is  full  two  milesj  through  great 
part  of  which  this  stratum  is  displayed  at  difierent  heights ;  it  cuU 
mmates  between  Pleskin  and  Bengore,  with  it»  lower  edge  more  than 
two  huiidted  feet  above  the  water. 

We  see  now  what  a  diminutive  portion  of  our  vast  basaltic  mast 
has,  until  lately^  monopolized  the  attention  of  the  curious ;  and  even 
after  it  was  discovered  that  we  had  many  other,  and  much  finer 
collections  of  pillars  on  the  same  promontory,  it  never  occurred,  to 
those  who  were  preparing  to  give  accounts  of  them  to  the  public^ 
to  examine  whether  these  were  mere  desultory  groups,  or  detached 
parts  of  a  grand  and  regular  whole,  which  a  more  comprehensive 
view  of  the  subject  would  soon  have  laid  open  to  (hem. 

Tenth  Stratum. 

The  stratum  upon  which  the  pilkirs  of  the  prececfing  res^  is 
ochreous,  red  as  minium,  and  about  twenty  feet  thick;  it  is  scarcely 
seen  at  Portmoon,  a  patch  alone  of  its  surface  being  distinguishable 
under  water  at  low  tide;  but  immediately  to  the  northward  it  shews 
itself,  and  from  its  bright  colour  makes  a  conspicuous  figure  across 
the  face  of  the  precipice  in  a  course  of  more  than  a  mile  and  half; 
its  last  appearance  to  the  westward  is  at  Ro^nvalley,  the .  oi^Hnitt 
point  of  the  bay  from  the  Gianjf  s  Causeway,  from,  whicb  we  have  a 
good  view  of  it.  The  final  dip  and  immersion  of  this  tenth  strattm^ 
as  well  as  its  emersion,  are  lost  for  want  of  perpendicularity.  * 

The  six  remaining  strata  are  all  similar  in  material,  but  difiering 
much  from  each  other  in  thickness  ;  they  are  all  of  that  description 
called  tabular  basalt,  sometimes  shewing  a  faint  disposition  to 
assume  a  columnar  form  at  their  edges,  and  always  separated  from 
each  other  by  ochreous  layers. 

These  six  strata  are  not  so  perfectly  distinct  as  those  abo^e  them* 
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lor  sometiiiies  we  iMtk  we  can  count  s^en,  and  again  not  more 
than  five ;  nor  does  each  of  these  preserve  the  same  thickness 
through  their  whole  extent,  for  they  are  deeper  towards  the  northern 
point,  where  they  culminate,  forming  by  themselves  a  perpendicular 
fiifade  near  two  hundred  feet  high,  but  they  grow  thmner  as  they 
recede  from  this  centre. 

The  jets  of  black  rock  to  which  they  give  rise,  make  their  last  ap» 
pearaoee  on  the  west  side  at  Rovinvalley,  where  they  strongly  dis- 
play the  inclination  of  their  strata,  (the  same  with  all  the  rest)  to 
those  ajq^^roacbing  from  the  westward ;  their  final  immersion  is  lost 
for  want  of  perpendicularity. 

.  I  shall  ^ow  proceed  to  select  from  the  great  mass  of  fkcts  ttat  are 
exhibited  on  the  iace  of  Bengore  promontory,  and  occur  m  the  con* 
tiguotts  basaltic  country,  such  as  seem  applicable  to  geological  quet* 
linns,  and  likely  to  throw  light  on  such  subjects. 

Facts  applicable  to  gechgical  Queitiom. 

!•  Every  stratum  preserves  accumtely,  or  very  nearly,  the  same 
thickness  through  its  whole  extent,  with  very  few  exceptions. 

2*  The  upper  and  lower  surface  of  each  stratum  preserve  an 
exact  parallelism,  so  long  as  they  aie  covered  by  another  stratum; 
but  when  any  stratum  becomes  the  superficial  one,  its  upper  surface 
is  scolloped,  or  sloped  away  irregularly,  while  the  plane  forming  its 
base  continues  steady,  and  reotilineal,;  but  the  parallelism  of  its 
phines  is  resumed  as  soon  as  another  stratum  is  placed  over  it. 

S.  The  superficial  lines  bounding  the  summit  of  our  facades,  and 
our  surface  itself,  are  unconnected  with,  and  unaffected  by,  the 
arrangement  of  the  strata  below  them. 

4.  Nature,  m  the  formation  of  lifer  arrangements^  has  never  acted 
upon  an  extensive  scale  m  our  basaltic  area,  (at  least  on  its  northern 
side,  where  our  continuous  preci|Nces  enable  us  to  determine  the 
point  with  precision,)  but  changes  her  materials,  or  her  arrange- 
ment, or  both,  every  two  or  three  miles,  and  often  at  much  smaller 
intervals. 

5.  Wherever  there  is  a  change  of  material,  as  from  one  stratum  to 
another  in  a  vertical  Ime ;  or  where  the  change  is  in  a  horixOntal 
direction  by  the  introduction  of  a  new  system ;  or  where  a  whyn 
dyke  cuts  through  an  accumulation  of  strata;  in  all  these  cases  the 

*  change  is  always  per  saltum  and  never  per  gradiu,  the  Imes  of  de» 
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nuffcatioo  always  distinct,  and  well  defined;  yet  tbe  different 
materiab  pass  into  eaeli  other  without  interrupting  the  solidity  and 
continuity  of  the  whole  mass. 

6.  The  ia^ades  on  onr  coast  are  formed  as  k  were  hy  vertical 
planes*  cutting  down,  occasio«dly»  the  accumulations  of  our  strata;  • 
the  upper  part  of  these  facades  is  geuerally  perpeBdicttlar»  the  lowrer 
steep  and  precipitous. 

7*  The  bases  of  our  precipices  commonly  extend  a  considerable 
way  into  the  sea ;  between  the  water  and  the  foot  of  the  precipice, 
(and  especially  near  the  latter")  there  is  frequently  exhibited  the 
wildest  and  most  irregular  scene  of  confusion,  by  careless  observers 
supposed  to  be  formed  by  the  ruins  of  the.precipice  above,  which 
have  fallen  down ;  such,  no  doubt,  was  Mr.  WMtehurst's  idea,  when 
be  describes  one  of  these  scenes  as  <'  an  awful  wredt  of  the  terra- 
queous globe.*'        • 

But  a  more  attentive  observer  will  soon  discover  that  these 
capricious  irregularities,  whether  in  the  form  of  rude  cones^  as  at 
Beaayn  Daana,  and  the  west  side  of  Plesfcin ;  or  towers^  as  at  the 
dyke  of  Port  Cooan  and  Castro  Levit,  at  the  foot  of  Magilligaa 
la^^ade^  even  spwes  and  obelisks,  as  to  tbe  westward  of  Kenbaan, 
and  at  the  Bull  of  Rathlin ;  yet  all  of  these  once  formed  part  of 
the  origimd  mass  of  coast,  stratified  like  it,  and  their  strata  stilt 
correspond  in  material  and  inclination  with  those  in  the  contiguous 
precipice. 

8.  These  vertical  sections  or  abruptions  of  our  strata  are  by  no 
means  confined  to  tbe  steeps  that  line  our  coast;  the  remainbg 
boundary  of  our  basahic  area  has  several  of  them  equally  grand; 
and  similar  abruptions,  or  sections  (though  not  so  deep)  are  scattered 
4>ver  a  great  part  of  our  area,  and  especially  on  the  ridges  of  our 
b31s  and  mountains  which  are  cut  down  in  many  places  like  a  stair, 
by  the  sudden  abruption  of  the  basaltic  stratum. 

9.  Wherever  the  strata  are  thus  suddenly  cut  off,  whether  it  be  a 
mass  of  accumulated  strata  as  in  the  fd9ades  on  our  coast,  or  soli- 
tary strata  in  the  interior ;  the  materials  on  one  side  of  tbe  abruption 
ine  comjdeteiy  carried  away,  without  a  fragment  being  left  behind, 
while  on  its  other  side  the  untouched  stratum  remains  intire  and 
widbturbed. 

I  sbidl  not  proceed  to  apply  these  facts  to  support,  or  invalidate^ 
nmy  of  the  numerous  theories  which  have  given  rise  to  so  .much 
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eontroversy,  ift  nrhicli  I  myself  (as  you  know)  hare  borne  some  part ; 
I  sllail  look  to  mtvirt  alone,  without  much  refercnee  to  opmions^ 
aad  shall  endeavour  to  trace,  by  the  marks  she  has  left  behind  her, 
some  of  the  grand  operations  she  once  executed,  on  tlie  surface  of 
(Mir  globe. 

Varro  divided  the  time  elapsed  since  the  be^ning  of  the  world 
into  three  portions,  which  he  distinguished  by  themkmtSfprol^iicum, 
faiulosumt  and  Ustorkum. 

The  first  comprehended  ihe  period  of  absolute  darkness;  m  the 
second  some  &int  l^;hts  were  thrown  upon  the  history  of  its  eveBts, 
by  fable  and  tradition ;  in  the  third,  the  historian  had  the  common 
«kk  from  which  history  is  usually  compBed. 

The  natural  history  of  the  world  seems  to  admit  of  a  corresponding 
difision.  In  the  first  I  include  the  formation  of  our  strata,  their 
induration,  theur  derangement  from  the  horizontal  position  in  which 
they  seem  originally  to  have  been  placed^  and  the  operation  of  cutting 
them  down  by  so  many  whyn  dykes. 

In  the  second  division,  correi|>onding  to  Y9no*»fdhuhjum,  I  conn 
pnhend  the  operations  performed  upon  our  glob^  posterior  to  its 
final  cdnsoiidation,  and  antecedent  to  all  history  or  tradition ;  ope- 
rations thereforie  that  can  be  established  by  the  viable  eflfects  idone 
which  sHU  exist,  written  in  strong  chaiacters^ 

The  thiid  division  contains  the  period  since  we  acquired  some 
knowledge  of  natural  history,  becatne  acquainted  with  causes  smd 
able  to  trace  the  connection  between  them. 
■  With  the  operations  performed  ki  the  first  division  (correspond- 
mg  with  Varro's  prolefHcum)  modern  theorists  assume  that  they  ave 
well  acquainted,  able  to  account  for  every  appearance,  and  to  detail 
the  whole  process  of  or^kial  fornttttion.  I  however  shall  decline 
BOticmg  these  eariy  processes  of  nature,  and  limit  myself  to  the 
second  division  of  natural  history^  hopmg  from  the  promment 
features  of  my  country  that  remain  still  undefooed,  and  from  its 
curious  fiicts,  to  trace  and  demonstrate'  the  great  effects  that  have 
been  prodilced  upon  our  surface  ;  and  though  I  dotiot  presume  to 
advance  farther,  I  peihaps  may  assist  hi  clearmg  the  way  for  fiitufe 
natumHsts,  and,  by  establfeWng  effects,  encourage  them  to  proceed 
to  causes,  and  help  them  to  discover  the  powers  and  agents  by  whfch 
these  grand  operations  have  been  executed. 
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Enguiry  into  the  Formation  of  our  perpendicular  Fafades, 

It  is  natonl  tiiat  the  first  great  operatioa  we  proceed  to  iiiTesti* 
gate,  should  be  the  formation  of  our  magnificent  % ades,  one  of 
which  is  the  principal  subject  of  this  memoir. 

The  line  of  coast  that  bounds  our  basaltic  area  on  its  north  side, 
extends  about  twenty*five  Irish  miles>  in  which  course  the  precipices 
are  nearly  continuous,  and  more  than  one  half  of  them  absolutely 
perpendicular  for  a  great  part  of  their  stupendous  height.  The 
operation  by  which  they  were  cut  off  so  abruptly,  and  left  with  a 
formidable  aspect  towering  over  our  coastj  is  the  one  we  inquire 
into* 

That  these  bold  precipices  once  projected  farther  in  many  places 
is  easily  demonstrated ;  at  Beanyn  Daana,  and  at  the  Chimney^  die 
columnar  construction  was  obviously  once  carried  much  farth^  out 

At  the  Milestone,  Portcooan,  and  Portnabau,  the  fnic;jnents  of 
dykes  extend  far  beyond  the  face  of  the  precipice. 

These  same  facts,  together  with  the  projecting  base,  show  that 
these  sudden  abruptions  were  not  formed  by  the  subsidnig,  and 
sinking  of  one  part,  leaving  the  remainder  in  its  place :  still  less 
by  any  violent  revolution,  or  convulsion ;  as  the  stratffication  has  not 
sustained  the  slightest  shock  either  above  or  below  the  facade. 

The  formation  of  our  abrupt  coast,  has  been  ascribed  to  the 
action  of  the  sea  beating  violently  against  it,  washing  away  the  lower 
parts,  and  leaving  a  perpendicular  fiipade  standing ;  as  we  often  see 
on  the  banks  of  rapid  and  encroaching  rivers.. 

A  cool  exaipination  of  our  precipices  will  soon  prove  that  our 
facades  could  not  have  been  so  formed,  for  we  always  find  them  on 
the  highest  part  of  the  cliff,  and  receding  firom  the  water,  which  coukt 
be  instrumental  m  bringing  dovm  the  materials  from  above,  only  by 
vmshiog,  and  so  wearing  away  the  bases  of  the  steepest  parts ;  but 
the  elevations  of  these  bases  are  utterly  irrecoocileable  to  this  sup- 
position; for  instance,  the  base  of  Pleskin  facade  is  two  hundred 
feet  above  the  present  level  of  the  sea,  that  of  Fairhead  three  hun- 
dred :  now  had  the  sea  ever  risen  to  either  height,  it  would  have 
submerged  a  great  part  of  Ireland,  and  none  of  the  neighbouring 
country  (whatever  its  level  may  be)  bears  the  least  resemblance  to 
alluvial  ground,  uor  shows  any  xaaA  of  having  been  once  covered 
by  the  sea. 

The  next  argument  is  still  more  conclusive ;  the  boundary  of  our 
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basahtc  area  on  its  north  tide,  is  for  twenty-five  iniles  also  the  con* 
fine  of  sea  and  land ;  so  far  it  is  natural  to  ascribe  its  features  and 
characteristic  marks,  to  the  action  of  the  powerful  element  that 
beats  against  it.  But  when  that  precipitous  boundary  ceases  to  be 
the  confine  of  sea  and  land»  turns  southward  towards  the  interior* 
and  becomes  the  line  of  demarcation  between  the  basaltic  and  scbii- 
tose  country  on  the  west»  it  still  preserves  its  former  character ; 
that  is,  of  a  range  or  ridge  of  very  high  land,  steep  to  the  exterior, 
and  sometimes  cut  down  vertically  into  hifades,  like  its  northern  part 
that  lines  the  shore.' 

Thus  Magilligan  Rock  (four  miles  inland)  is  not  inferior  in  mag- 
nificence to  any  of  our  facades  on  the  coast,  its  perpendicular  sec- 
tion is  one  hundred  and  seventy  feet,  and  this  continuous  for  a  mile ; 
the  fa^des  at  Bienbraddock,  are  nine  miles  farther  inland,  and 
those  of  Monyneeny  thirteen;  while  the  base  of  the  lowest  of  these 
perpendicular  precipices  is  elevated  1400  feet  above  the  sea* 

The  same  style  prevails  on  the  east  side  of  our  basaltic  area,  after 
its  boundary  ceases  to  be  the  confine  of  sea  and  land ;  for  the  lime* 
etone  facades  at  Garron  Point  (considerably  above  the  level  of  the 
sea)  exactly  resemble  those  of  Dunluce  and  Kcnbaan  at  the  water 
edge;  and  Cave  Hill  (several  miles  from  the  sea,  and  nearly  one 
from  the  shallow  estuary  of  Belfast),  exhibits  basaltic  facades  at  the 
height  of  one  thousand  feet,  precisely  similar,  little  inferior  to  those 
of  Magilligan. 

The  exact  resemblance  between  our  inland  fepades  (on  the  east 
and  west  sides  of  our  area)  to  those  on  the  shore,  proves  tliem  to  be 
all  effects  from  the  same  cause,  and  that  our  accumulated  strata  have 
in  all  these  similar  instances  been  cut  down  vertically  by  the  same 
agent,  and  that  this  agent  was  not  the  sea. 

Nor  has  this  powerful  agent  confined  its  operations  to  our  coast, 
or  to  the  periphery  of  our  basaltic  area;  we  can  trace  it  over  its 
whole  surfiice ;  we  find  throughout  its  interior,  similar  though  very 
diminutive  abruptions,  executed  precisely  in  the  same  manner,  that 
Is,  strata  cut  across  by  a  long  vertical  fe^ade,  theu:  phmes  on  the 
upper  side  perfectly  undisturbed,  while  on  the  lower  side  all  the 
materials  of  which  that  part  of  the  stratum  was  once  composed  are 
completely  carried  off.—- (See  6th  fact.) 

We  are  now  unavoidably  led  into  a  discussion  of  a  question  which 
im  at  all  6au»  occupied  the  attention  of  naturalists. 
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Whence  arise  the  JneqmlUies  with  which  the  Swfau  of  Ae 
Earth  is  so  exceedingbf  diversi/ied  f 

I  shall  not  attempt  to  encoatiter  (his  quettioo  geaei8lly»  jior  to 
extend  my  enqiuries  beyond  the  limits  I  have  prescribed  to  mysdf ; 
|>at  I  shall  try  whether  the  cfirioiu  facts  so  profbsely  exhibked  over 
onr  basaltic  area,  throw  any  light  upon  the  formation  oi  our  own 
hiequalitiesy  or  lead  us  a  step  towards  the  discovery  of  the  <^peratioos 
by  which  snch  stupendous  tSects  have  been  prodoced. 

Some,  to  escape  the  difficokies  in  which  this  question  is  involved, 
ascribe  onr  inequalities  to  original  formation ;  as  if  the  world  bad 
come  from  the  hand  of  the  Creator  with  the  variegated  surface 
which  now  eontributes  so  much  to  its  beauty  |  bat  tbe  frequent  in* 
termptionsy  and  resumptions  of  the  strata  m  our  area,  with  the 
perfect  resemblance  of  the  corresponding  parts,  however  great  tbe 
interval  by  which  they  are  separated,  can  scarcely  leave  a  dotdil 
that  these  strata  were  at  firH  continuoiis ;  of  courve  tbe  figure  of 
our  surface  at  that  time  must  have  dqiended  on  the  original  po^ 
tions  and  inclinations  of  these  strata,  which,  as  appears  by  the  Sd 
fact,  are  now  unconnected  with  the  superficial  line,  the  figure  of 
which  is  governed  by  their  abruptions  and  removals  alone. 

Naturalisfts  have  differed  much  in  ofHBion  as  to  the  directioQ  in 
which  the  causes  acted  that  produced  the  inequalities  on  the  sorfmce 
of  our  globe ;  some  referring  us  to  the  bowels  of  the  «arth  as  to  die 
scene  of  action ;  while  others  assert  that  the  operations  were  pei^ 
formed  upon  the  surface  itself. 

But  the  slightest  inspection  of  onr  ^ades  will  at  once  prove  ^at 
the  first  hypothesis  'cannot  be  correct ;  for  obliquity  of  direction 
must  have  been  the  result  of  a  disturi)ing  cause  acting  from  below; 
whereas  parallelbm  and  a  steady  rectilinear  course  distinguish  tbe 
basaltic  arrangements  of  which  I  have  been  treating. 

We  have,  it  is  true,  occasional  depressions  of  our  strata,  where 
they  obviously  have  subsided,  and  no  doubt  from  a  failure  of  sup* 
poh  b^low ;  but  in  no  instance  that  I  have  met  with,  in  our  area,  are 
these  attended  by  the  slightest  concusston ;  the  permanent  and  sub- 
sided parts,  with  us  still  preserve  their  parallelism,  and  the  continuity 
of  their  material;  whence  it  is  probable*  this  event  took  place  pre- 
vious to  the  induration  of  tlie  strata,  and  of  course  antecedent  to 
the  period  to  which  I  limit  myself. 

Buffon  ascribes  our  superficial  inequalities  to  the  agitation  of  the 
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vat€rs  while  tb€y  covered  our  earth,  and  argues  from  the  resem- 
blance  these  inequalities  bear  to  the  waves  of  the  sea ;  a  resemblance 
I  cannot  trace  in  any  country  which  I  have  observed ;  nor  could  our 
sudden  and  perpendicular  abruptions,  ever  have  been  produced  by 
any  agitation  of  the  waters. 

Professor  PJayfair  considers  rivers  as  having  formed  not  only  the 
beds,  or  channels  in  which  they  flow,  but  also  the  whole  of  the  val- 
iies  through  which  they  run,  and  in  general  all  the  inequalities  of 
our  surface ;  but  an  attentive  observer,  tracing  the  course  ivf  any 
of  our  rapid  rivers,  would  soon  perceive  that  the  quantity  of  its  de- 
predations has  been  comparatively  insignificant,  and  that  they  cab 
be  determined  with  precision ;  the  river  has  no  doubt  in  several  plaoos 
extended  itself  considerably  on  both  sides,  but  in  tbe  intermediate 
space  between  the  remotest  boundaries  it  ever  reached,  it  levels,  in- 
stead of  raising  inequalities.  * 

The  same  result  I  af^rehend  would  follow  from  the  operations 
ef  another  agent,  which  theorists  are  in  the  habit  of  calling  in  to 
their  aid^  when  they  cannot  find  some  certain  material,  which  from 
tiieu:  theory  we  had  reason  to  expect ;  they  then  tell  us  it  has  been 
carried  off,  and  lost  in  the  suite  of  degradations  and  decooiposituMis. 
But  decay  and  decomposition,  instead  of  creating  ineqitalitief, 
^ould  produce  a  contrary  effect,  and  deface  those  actually  existing; 
they  would  gradually  abate  the  height  of  our  perpendicular  ia^ades, 
and  increase  the  green  ste^  at  theur  bases  by  the  accimMilation  of 
the  entmbiing  and  mouldering  material  from  above;  while  Uie 
more  diminutive  facades  formed  by  the  abmptioiis  of  single  strata 
scattered  over  the  face  of  our  area,  and  forming  its  most  charac- 
teristic feature,  would  in  time  (as  many  are  sdready)  be  converted 
mto  steep  acclivities  covered  with  verdure. 

Such  are  the  principal  causes  to  which  tbe  inequalities  of  our  sur- 
iace  have  been  generally  ascribed.  Previous  to  our  ikciding  finally 
upon  their  insufficiency,  it  may  be  proper  to  enumerate  a|^  of  those 
inequalities,  where  the  deviation  of  our  present  surface,  from  the 
form  it  probably  had  originally,  is  not  only  striking,  but  wbere  also 
the  concomitant  drcumstances  afford  demonstration,  that  some  great 
operation  has  once  taken  place  there. 

Tbus,  by  making  ourselves  acquainted  with  effects,  we  shall  be 
1>etter  qualified  to  investigate  causes ;  and  if  those  effects  shall  ap- 
4>ear  to  be  beyond  the  ppwers  of  such  natural  agents  as  we  are 
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already  acquainted  with,  we  shall  be  jastified  in  admittbg  the  per* 
formance  of  operations  to  which  we  hare  seen  nothing  similar;  and 
also  in  admitting  the  former  existence  of  powers  of  iar'siq)erior 
energy  to  any  we  have  ever  known  in  action* 

Enumeration  of  some  remarkable  Inequalities  in  the  Surface  of 
our  basaltic  Area,  produced  since  the  Consolidation  of  its 
Strata. 

That  we  may  better  undentand  the  facts  I  am  proceding  to  state, 
I  shdl  assume  (in  the  style  of  the  mathematicians  pula factum)  pre- 
vious to  demonstration,  that  the  planes  of  our  uniform,  rectilineal 
strata,  however  interrupted  we  may  now  find  them,  were  once  con- 
tinuous. 

lipoid  this  supposition,  the  valley  of  the  Mayola>  between  the 
stratified  summits  of  Seafin  and  Slievegallon,  is  an  excavation  17OO 
feet  deep,  and  three  miles  wide,  of  which  the  whole  materials  have 
been  completely  carried  off« 

To  the  northward  of  this  excavation,  between  Seafin  and  Cani- 
to^er,  the  continuous  accumulated  strata  of  basalt  are  interrupted* 
and  taken  away  quite  down  to  the  schistose  substratum;  while  the 
untouched  summits  of  the  contiguous  mountain^  Camtogher,  Sea« 
fin,  and  Monaneeny,  are  still  stratified  basalt* 

On  the  eastern  side  of  our  area,  immediatdy  to  the  southward  of 
Kello  and  Connor,  a  similar  operation  has  been  performed,  attended 
by  still  more  extraordinary  cnrcumstances. 

We  here  fii^l  a  dbtrict  near  four  miles  in  diameter,  called  the 
Sandy  Braes ;  over  this  whole  space  the  basaltic  stratification  has 
been  carried  ofi^,  and  the  qieration  has  reached  deep  into  a  very  sm- 
gular  substratum ;  a  reddish  brecda,  by  some  minoralogists  called  a 
porphyry,  the  mass  friable,  but  the  component  ai^ular  particles  of 
extreme  h|rdness* 

The  hills,  of  which  this  little  district  is  full,  are  every  one  perfect 
segments  of  spheres,  while  the  loftier  basaltic  hilb  that  surround  it 
preserve  their  characteristic  form,  to  wit,  a  gradual  acclivity  on  one 
side,  with  a  steep  abruption  on  the  other. 

'As  we  sail  along  our  northern  shore  we  discover  another  great 
chasm  or  intenuption  of  our  strata,  which  also  cuts  deep  into  the 
substrata;  for  on  the  west  side  of  Ballycastle  pier  the  bold  basaltic 
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pi«cipices  suddenly  disappear^  and  at  a  lower  level  disclose  the  snb* 
stratum,  which  appears  to  be  an  alternation  of  sand*stone  and  coal» 
sometimes  with  bifuminous^ehtstus. 

A  mile  or  t wok  to  the  eastward  the  abrupt  precipice  is  resumed, 
mid  a  basaltic  stratum  again  occupies  its  summit  on  to  Fairbead,  with 
the  same  angle  of  inclination  in  which  it  was  disposed  along  our 
whole  coast,  that  is,  a  slight  ascent  to  the  north. 

Traces  of  similar  operations  and  abruptions  are  to  be  found  over 
<Hir  whole  area,  but  the  preceding  are  sufficient  to  make  us  ac« 
quainted  with  the  style  df  these  interruptions  of  our  strata ;  of 
course  it  is  time  to  proceed  to  the  suspended  demonstration,  that 
our  strata,  so  inierrupted,'were  once  continuous,  notwithstanding 
the  magnitude  of  the  interval  by  which  the  corresponding  parts  are 
■ow  separated. 

Proofs  that  our  now  interrupted  Strata  were  once  continuous. 

We  must  now  turn  back  to  the  facades  of  Bengore,  where  the 
strata  themselves,  and  all  the  circumstances  attending  them,  are  sq 
happily  displayed,  as  to  throw  great  light  on  the  subject,  and  to 
lead  us  analogically,  step  by  step,  to  the  conclusion  we  seek  for. 

Let  us  examine  and  trace  the  summit  of  the  precipice  for  a  mile 
immediately  eastward  from  the  Giant's  Causeway,  and  we  shall  find 
R  frequent  interruption  and  resumption  of  the  fourth,  fifth,  and 
sixth  strata,  at  the  shortest  intervals,  the  interruption  not  always 
reaching  to  the  lowest  of  the  three,  which  in  that  case  remains  con- 
tittttOHs:  so  hx  simple  inspection  removes  all  doubt,  that  eacli  of 
these  strata  was  once  contmuous  as  far  as  the  great  depression  to 
the  west  of  Pleskin. 

Here  indeed  the  intenuption  becomes  considerable,  not  less  than 
a  mile ;  but  when  we  find  at  Portmoon  a  succession  of  three  strata 
with  the  same  indination,  in  the  same  order,  of  the  same  thickness 
^acby  mid  with  the  same  strong  characterbtiq  marks  that  distin* 
guished  the  three  interrupted,  at  the  depression ;  above  all,  when 
we  find  the  strata  they  rest  upon  continuous  (at  least  with  very 
trtflkig  mterruptions)  fbr  the  same  extent,  I  think  we  can  scarcely 
entertain  a  doubt  that  thb  interval  between  the  corresponding  parts, 
though  so  much  greater  than  any  of  the  preceding,  is,  like  them, 
l^ut  an  intemiption,  and  that  th^  strata  were  once  continuous  from 
the  dqpressioii  to^  Portmoon* 

TOL.  I.  i; 
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The  same  styk  of  indoction  wduld  est^Uiih  tbr  qubndtm  cooti* 
nuity  of  all  the  strata  io  the  face  of  Beagore  {iionsoaftoryt  6r  hem 
the  strata  are  so  dbtmctly  markctd  that  we  kmm  each  of  them  when 
we  find  it  again  afier  any  iiilemiptioo* 

In  the  rest  of  the  precipiees  mid  (a^vdc^  the  mSanty  of  the 
strata  d^nrttes  us  of  this  advaHfogt ;  ytt  in  their  smaller  ialcnr^p* 
tions,  by  tracing  the -rectilinear  course  of  the  strata,  and  so  con* 
necting  the  separated  parts,  we  can  estahfish  their  ferwer  continaity : 
irhiie  in  the  greater  intervals  we  most  rest  our  proof  o»  analogy 
abne. 

That  we  may  be  entitled  to  carry  thb  styk  of  jodndion  into  tiM 
interior  of  our  basaltic  area,  and  to  ajiply  the  aswe  reasoning  io 
enable  us  to  form  a  sumkr  decisien  upon  the  more  stapendotts  in* 
ferruptions  of  our  strata^  which  I  have  already  eauaienled,  it 
becomes  necessaiy  to  explain  the  geological  construction  of  our 
arei^— 4be  atiata  of  wludi  it  is  fermed-^heir  arrangement-— and 
{heir  indications. 

An  eatensive  limestone  stratum,  white  as  chalk,  and  abopit  tfPO 
hundred  feet  thick,  seems  to  form  the  base  of  the  whole  distiiot  I 
limit  myself  to :  upon  thiii,  accmnulations  of  recliUaeal  and  parallel 
basaltic  strata,  are  heaped  vip  to  most  unequal  heights. 

This  great  calcareous  stratum  s^ms  not  to  be  am  a^cnnii^  plane, 
t>ut  rather  to  resemble  a  ba3on^  as  every  where  at  its  pfurjphei^  il 
dips  to  the  interior  ;  yet  the  plane  of  its  section  has  a  light  afic^ 
to  the  southward :  a  recollection  of  these  circumstances  ipriU  ^oaU^ 
us  to  account  for  every  appearance  this  stratum  exhibits^  as  it  ht^ 
p^ns  to  be  disclosed  to  us ;  and  by  the  co^v^rse^  i|i^  ^.attentioii  tf 
these  appearances  will  enable  us  accurately  to  determi|ie  the  positioii 
of  the  stratum. 

This  stratum,  from  Bally casfle  to  Solomon's  Porch  i^boi^t  twenty- 
five  miles)  keeps  very  nearly  the  level  of  the  sea,  often  indeed  OMiking 
below  the  sur&ce,  but  never  raising  its  h>wer  edge  al^v^.it^  bttt 
when  at  Solomon's  Porch,  the  boundary  of  oar  basattic  m^  be^ini 
to  deflect  to  the  south-west^  and  then  to  the  south,  the  a^l¥eal  <if  Hm 
stratum  to  the  southward  begins  tp  operate,  and  we  pf li^ve  the 
dotted  line  of  its  quarries  gradtially  to  rise  along  the  fc^  of  the 
mountain  from  the  shore  to  Monyneeny  and  Seafin^  wl|K^re  it  b^  at- 
tained the  height  of  1500  feel;  it  is  tru^^  tb^  acti?^  sl«nt»|||  has  ui» 
been  opened  at  these  two  great  elevatioi^  \^^%  ti)e  vbl^i^fld^bk  JOh 
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nHiately  below  the  hualtic  faj^de  proves  iacontestably  that  it  is 
dose  at  band* 

An  aocumulalioo  of  basaltic  strata,  had  in  this  southern  c<Hirpe»  as 
well  as  on  the  northern  shore,  covered  the  limestone  up  to  $he  sum- 
mits of  the  hills  or  mountains. 

I  have  already  stated  bow  the  ridge  of  mountain  is  suddenly  mter* 
Tupted  by  the  valley  of  the  Mayola,  from  I600  to  1700  feet  deep, 
but  if  we  look  to  the  southward ,  in  the  rectilineal  course  of  the  strata 
the  positions  of  which  we  have  been  able  to  ascertain  with  so  muc^ 
aGcuiacy)i  we  shall  find  near  the  summit  of  the  mountain  ^Uev^- 
gallon  a.simihurwUte  Umestone  stratum  crowned  with  basfilty  cut- 
ting it  in  the  very  direction  the  former  ought  to  ^ve  re^chefl  iU 
that  is  perhaps  two  hundred  feet  higher^  the  ascent  of  the  strata  tp 
Ibe  southward  havuig  elevated  their  planes  so  much  in  a  di^ance  ^ 
four  miLes,  the  pcobable  interval  between  the  sumnuts  of  th^fe 
mountains. 

We  are  noiir  to  dedde  whether  this  o^lqir^us  and  basaltic  frag- 
ment, on  the  summit  of  SUevegaUon  mountain,  be  the  last  retpnant 
of  the  dd  arrangement  we  have  been  tracing,  and  ascenainiqg  with 
so  much  precision^lbr  seventeen  or  eighteen  miles  from  t)ie  sea,  and 
twenty-five  miles  along  the  coast,  byit  now  interrupted  by  the  valley 
of  the  Mayola,  like  our  former  more  diminutive  interruptions,  and 
alsoUfcis  them  resumed  at  the  next  elevation,  in  the  same  rectilineal 
course,  the  strata  preserving  the  same  order,  and  the  same  charac- 
terbtic  marks.  Or  whether  the  strata,  appearing  on  the  summit  of 
SUev^Uon,  be  the  commencement  of  a  new  arrangement,  s^ban- 
doned  by  nature  as  soon  as  begun :  which  is  highly  improbabl^>  fpr 
mitbei  limestone  nor  basalt  are  to  be  found  on  the  mountain  eiLcept 
in  thb  solitary  hummo^. 

We  might,  by  a  minute  attention  to  the  inclinations  and  arrange- 
ments of  the  strata  contiguous  to  the  other  interruptions  I  haye 
enumerated,  prove  in  like  manner  that  the  basaltic  masses  crowning 
the  summits  of  the  snrromiding  hills  and  mountains,  are  merely 
th^  remnants  of  strata  once  extensive  and  continuous,  but  in((;r- 
rupted  and  carried  ofi^,  as  in  the  preceding  case,  by  the  same  power- 
ful agent. 

The  more  diminutive  mequalities  scattered  over  the  whole  sur- 
fece  of  our  area,  and  always  produced  by  interruptions  of  the  strata, 
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would  still  more  easily  admit  the  application  of  the  saaie  rtmamng, 
from  the  contigBity  of  their  abnipted  parts ;  but  the  detail  wotild 
be  tedious;  those  who  wish  to  pursue  the  subject  farther  must 
come  to  the  scene  themselves* 

Materiak  completely  tarried  off. 

A  drcumstance  perhaps  still  more  extraordinary,  is  the  complete 
removal  of  all  the  materials  that  once  filled  up  the  intervals  between 
the  abrupted  parts  of  these  strata ;  I  have  stated  in  my  9th  fact^ 
that  the  materials  that  had  fbnnerly  composed  the  projecting  parts 
of  our  northern  facades  and  precipices  had  totally  disappeared* 

The  removed  parts  of  the  limestone  stratum  on  the  west  side  of 
our  area  have  shared  the  same  fate,  for  where  the  chain  of  moun- 
tains  extendhig  from  Magilligan  Rock  to  Bienbraddock,  is  interrupted 
by  vallies  at  Stradreagh,  Drumrommer,  and  Ballyness,  it  is  obvious 
that  the  limestone  stratum  was  once  continuous  to  the  high  points 
where  it  shows  itself  on  Keady,  and  the  mountakiSuon  each  side ;  its 
thickness  too,  wherever  we  can  try  it,  b  very  great ;  yet  this  stratum, 
which  in  its  entire  state  must  have  spread  like  a  roof  far  above  the 
present  surface  of  these  valleys  (which  are  now  sunk  deep  into  the 
scltistose  substratum)  has  not  left  a  particle  of  its  dejjfts  behind,  nor 
is  a  single  lump  of  white  limestone  to  be  found  until  we  come  to 
the  quarries,  that  is,  to  the  edge  of  the  solid;  nntoucbed  stratuMir 

Conclusions, 

The  conclusions  that  unavoidably  follow,  from  the  considenition 
of  these  facts,  are. 

That  the  hills  and  mountains,  in  the  district  that  T  have  been  die- 
scribing,  were  not  raised  up  or  formed  afr  they  now  stand,  but  that 
they  are  the  undisturbed  remains  of  strata  that  were  left  behind, 
when  stupendous  operations  carried  away  the  parts  that  were  once 
contiguous  to  them. 

That  the  inequalities  of  this  surface  were  aU  produced  by  causes 
acting  from  above,  and  carrying  off  whatever  they  touched^  without 
m  the  least  disturbing  what  was  left  behind. 
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Additional  Evidences.    Basaltic  Hummocks.  * 

The  arguoients  on  which  I  have  founded  my  opinions  have 
hitherto  been  all  taken  from  the  hollows  in  our  surface,  and  the 
iotemiptions  in  our  strata,  both  which  the  concomitant  curcum- 
stances  have  led  me  to  consider  as  so  many  excavations ;  but  the 
lofty  elevations,  and  the  abrupt  prominencies  rising  suddenly  from 
oar  sur^ice,  when  minutely  examined,  l^d  us  irresistibly  to  the  very 
same  eonclusiim. 

When  you  and  I  examined  together  the  line  of  our  northern 
fapades,  we  studiously  sought  for  the  points  where  nature  had  made 
any  change  in  ber  materials  or  their  arrangement,  hoping  that  at  the 
jjinctious  of  these  little  systems,  we  should  find  some  facts  that  would 
throw  light  on  the  subject ;  but  we  generally  failed ;  want  of  per- 
pendicularity, or  other  local  circumstances,  impeding  us  at  the  most 
interesting  points. 

On  the  present  occasion  she  has  adopted  an  opposite  line  of  con- 
duct, and  in  many  of  >  the  steps  she  has  taken,  pbtrudes  upon  us 
demonstration  of  what  she  has  done. 

Whoever  lias  attended  to  the  exertions  of  map,  when  employed  in 
altering  our  present  surface^  either  by  levellmg  heights,  or  by  making 
excavations,  muaf  have  observed  that,  it  is  the  practice  of  the  work-^ 
men  to  leave  small^  cylindrical  portions  standing,  for  the  purpose  of 
determhung  the  height  of  the  old  sur&ce,  and  thereby  ascertaining 
the  quantity  of  materials  removed. 

To  these  may  be  compared  the  stratified  )[>asaltic  hummocks  so 
profusely  scattered  over  our  area,  and  which  seem  to  shew  how  high 
our  quondam  surface  oncfe  reached. 

The  hommock  of  DunmuU,  three  miles  south-east  from  Portrush» 
is  very  beautiful,  it  stands  on  the  top  of  a  high  ridge,  and  is  a  con* 
spicuous  object  from  all  parts  of  the  country ;  it  is  exactly  circular, 
4ts  flat  surfa(»  contains  an  acre,  it  is  completely  surrounded  by  a 
perpendicular  ^^ade  about  twenty-five  feet  high,  and  formed 
by  two  strata,  a  columnar,  and  an  irregular  prismatic,  resting 
upon  it. 

From  this  elevated  station,  where  I  had  the  {Measure  of  accom- 


♦  Navigators  use  the  word  hummock  to  express  circular  and  elevated 
■IMiDtf,  a^pcariDg  at  a  distance }  i  adopt  the  term  firom  Ibfmt 
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panyiDg  you,  I  shewed  you  at  six  or  seven  miles  dbtance  to  the 
westward,  alnoog  the  Derty  mountains,  the  still  loftier  hummocks  of 
Altaftrini  and  Sconce,  hemispherical  in  form,  composed  of  but  one 
ttratiUn  each,  while  theur  swelliog-out  bases  displayed  accumulations 
of  many  more:  and  also  neal-  those  the  hummock  of  Fermayle, 
resembling  DutimuU,  but  much  larger^  and  also  surrounded  by  a 
Afftde  composed  of  two  strata, 

I  shewed  you  also  at  twenty  miles  distance  to  the  south  east,  the 
gigantic  Slemish,  one  of  our  basaltic  hummocks,  magnified  (as  it 
Were)  intb  a  lo%  ilttd  insulated  mountain,  completely  stratified  from 
its  base  to  its  flAt  summit. 

I  ^ewed  you  likewise  iVbm  the  bottom  of  its  ridge,  the  neat  but 
diihhiutiTe  hummock,  called  the  Rock  of  Clogher,  above  Bushmills. 
As  our  time  was  precbus,  you  took  my  word  for  its  stratification^ 
bemg  precisely  simito  to  that  of  Dunmull., 

There  are  many  other  basaltic  hummocks  scattered  over  the  s«r* 
lace  of  our  area,  all  of  them  either  stratified  or  portions  of  strata ; 
two  of  the  most  remafklible  are  the  hill  of  Knock  Longhran,  deai' 
Maghera,  and  a  tall  hummock  (whose  name  I  ibrget)  a  mile  east* 
ward  from  Lisamore. 

We  meet  still  more  frequently  an  imperfect  style  of  hummock^  a 
tfemi-circular  fepade  on  one  side,  labile  on  the  other  it  slopes  away 
gradually  with  the  dip  of  the  strata,  as  if  the  operation  had  been 
ftitem4>ted  beforie  it  was  calrried  quite  round ;  the  most  remarkable 
of  these  are  Ballystrone,  in  Derry^  and  Cros^hmore,  in  Antrim^  both 
Visible  from  Dunmull. 

Regular  stratifications  on  the  summits  of  hills  and  mountains, 
have  been  long  a- stumbling  block  to  theorists;  the  historian  of  the 
French  Academy,  for  th^  year  17l6»  obviovsly  iscribing  the  super- 
ficial inequalities  of  the  eal-di,  (like  mmy  others)  to  causes  acting 
from  below,  and  )^rc^i^f6ig  how  inconkpatible  such  assembbges  of 
strata  were  to  his  theoi^,  thinks  it  safer  to  doubt  theur  existence,  as 
they  could  tfbt  have  been  fnHied,  he  says  <<  unless  the  masses  of  the 
teounfains  were  elevated  fn  the  direction  of  an  axb  peipendicular  td 
the  horizon :  ce  que  tCapu  etre  que  irh  twrey 

But  as  these  stratified  mounts  are  in  our  area  by  no  meabsnneom* 
mott,  th^  lay  us  under  the  necessity  4>f  suggesting  another  alterna- 
tive shnilar  to  those  we  have  already  stated. 

Were  these  isolated  hummocks  originally  formed  as  they  now 
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standi  (soliUry  and  separate  from  eacb  other)  one  by  one ;  or,  are 
they  the  last  remaining  portions  of  a  vast  consolidated  mass,  of 
which  the  intermediate  and  connectii^  strata  have  beep  caimd  off 
by  causes  with  which  we  are  unacquainted } 

To  be  able  satisfactorily  to  resolve  this  idterhative^  it  be^omei 
necessary  to  take  a  cartfiil  yiew  el*  the  coptigvovs  conntrieft,  and  to 
try  whether  their  constnictio&»  and  the  anrangement  of  thebr  strata^ 
wiU  throw  any  lighl  upon  the  subject 

When  we  examine  the  assemblage  of  hummocks  above  Kuwkp 
multy  that  is,  Sconce,  Fermoyle,  and  Ahabrian^  we  find  then  mate* 
rials  and  stratification  precisely  similar  to  that  of  the  cooitry  below 
them  to  the  eastward,  where  the  abruptions  of  the  strata  are  dkplayed 
is  long  stony  ridges;-— to  the  sotith,  thfe  abruptions  mi  the  summit  of 
Keady  mountain  discover  the  sanae  similarity ;  and  to  the  uorth-weslt 
the  grapd  ik^ade  of  MagiUigan  Rock,  three  miles  distant^  displays  an 
accumulation  of  exactly  the  same  sort  of  strata  consolidated  into  an 
enormoijis  mass.  •      , 

.  The  hunuuock  of  Punmall  is  formed  of  two  very  particular 
strata  a  columnar,  and  an  irregular  prismatic;  but  I  shewed  you^ 
a  mile  to  the  northward^  at  the  facades  and  quarries  of  Islamore  a94 
IkaigafauUer,  at  the  base  of  the  bill,  that#he  whole  ridge,  on  the 
summit  of  which  DunmA  is  pkced,  was  a  consolidatied  mass^ 
formed  by  alternate  strata  of  the  same  description;  and  that  the 
arrangeme^nt  of  the  whole  country  below,  and  adjacent,  was  pre* 
icisely  the  same  with  that  of  the  hummock  of  Clogher,  I  proved  tp 
you  at  the  curious  opening  of  the  strata  at  Buthmilb  fridge,  an<|  ia 
the  %ades  at  the  GHanf  s  Causeway. 

After  tlHse  pioofii  that  so  many  (and  f  might  proceed  to- the  rest) 
of  our  detached  hummocks  ar^  in  their  construction  and  materials, 
similar  to,  and  connected  with,  the  main  consolidated  masses  of 
which  owr  country  n  formed,  I  think  it  will  scarcely  be  asserted  that 
these  bipmmocks  were  originally  formed,  sditary  and  separate  as 
they  now  stand :  but  rajther  that  they  were  once  parts  pf  that  vast 
whole,  and  left  behind  in  tfaeur  present  form,  upon  the  removal  of 
the  contii^ous  portk>ns  of  their  strata,  by  some  powerful  agent,  of 
ivhose  operatiow  and  modes  of  acting,  we  have  hitherto  obtained 
Htttebmriedge 

The  iiigbest  point  on  the  facade  of  Cave  Hill  i9  called  M'Art'4 
j^le^  fpnd.  appear^  t<^  be  a  solitary  fragmeirt  of  #  fp^m  f^pf 
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dsely  simflar  to  those  below  if,  and  obviously  once  extencfed  like 
them* 

The  irregnlarity  of  the  snnnnit  of  Faurhead,  plainly  shews  thmt  its 
l^gantic  columns  once  reached  higher. 

And  in  the  fii^ade  of  Magiiligan»  the  highest  of  all,  a  few  desul* 
toty  patches  of  an  upper  stratum  (no  doubt  once  perfect  and  coo- 
trouoos)  are  to  be  traced  along  its  summit 

Our  mountains  themselves  seem  to  shew  dearly  that  they  were 
cmce  higher;  the  top  of  Magilligan  momitam  is  an  extensive  pkun, 
over  which  a  wandering  stratum  b  interrupted  and  resumed  at 
h^ervals  for  a  great  way. 

At  the  highest  part  of  Donald's  Hill,  over  the  valley  of  Glendlcr, 
we  find  a  hummock ;  also  at  the  termination  of  the  ridge»  at  ilt 
highest  part  over  the  valley  of  Mayola»  shnilar  hummocks. 

IPhil.  IVans.  VoU  XCVIII.  1808.] 


CHAP.  Y. 

OEOOKAFBYi  OB  THlA)OCTRINE  OF  THE  GENERAL  FACE  OF 
THE  EARTH. 


Jn  the  sense  iki  which  we  have  already  stated  it  is  our  intention  to 
use  the  term  Gbolo6T»  Geography  holds  the  same  relation  to  it  as 
Geognosy ;  the  former  constituting  that  department  of  Geology 
which  contemplates  the  jactual  surface  of  the  Earth,  as  the  latter  con* 
stitutes  that  department  which  describes  its  apparent  anpm  and 
chemical  structure.    We  shall  briefly  contemplate  the  sdence  under 

the  two  sections  of  its  history  and  its  principles. 

• 

Sect.  I*— Hif/ory  qf  Geography. 
The  study  of  geography  being  of  so  much  practical  importance 
in  life,  must  have  commenced  in  the  early  ages  of  the  word.  It  was 
regarded  as  a  science  by  the  Babylonians  and  Egyptians,  ftom  whom 
it  passed  to  the  Greeks,  and  from  these  to  the  Romans,  the  Arabians, 
wai  the  western  nations  qf  Europe.   Thales  of  Miktus«  in  t)ie  6th 
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«ettlury  before  Christ,  first  made  observations  on  the  apparent  pro* 
gress  of  the  sun  from  tropic  to  tropic ;  and  is  said  to  have  writteti 
two  treatises,  the  one  on  the  tropic,  and  the  other  on  the  equinox, 
whence  he  vv^A  ied  to  the  discovery  of  the  four  seasons,  which  are 
determined  by  the  equinoxes  and  solstices.  We  ^te  assured  this 
knowledge  was  obtained  by  means  of  the  gnomon.  Ths^ies,  it  is 
^Iso  said,  constructed  a  globe,  and  represented  the  land  and  sea 
upon  a  table  of  brass. 

Meton  and  Euctemon  observed  the  summer  solstice  at  Athens,  on 
the  2;^th  of  June,  432  years  before  Christ,  by  watchiiig  narrowly  tiie 
shadow  of  the  gnomon,  with  the  design  of  fixing  the  begmning  of 
thek  cycle  of  19  years. 

Timocbaris  and  Aristillus,  who  began  their  observations  about 
295  B.  C  first  attempted  to  fix  the  latitudes  and  longitudes  of  the 
fixed  stars,  by  considering  their  distances  from  the  equator,  Scc*^ 
One  of  their  observations  gave  rise  to  the  discovery  of  the  preces- 
sion of  the  equinoxes,  which  was  first  remarked  by  Hipparcfaus 
about  150  years  after ;  who  also  made  use  of  their  method  for  deli* 
neating  the  parallels  of  latitude  and  the  meridians,  on  the  surface  of 
the  earth ;  thus  laying  the  foundation  of  this  science  as  it  now 
appears. 

The  latitudes  and  longitudes,  thus  introduced  by  Hq>parchu8,  were 
not  however  much  attended  to  till  Ptolemy's  time.  Strabo,  Yitruvius^ 
and  Pliny,  have  all  of  them  entered  into  a  minute  geographical  de- 
scription of  the  situation  of  places,  according  to  the  length  of  the 
shadows  of  the  gnomon,  without  noticing  the  longitud^  and 
latitudes. 

Maps  at  first  were  little  more  than  rude  outlines,  and  topographi- 
cal sketches  of  different  countries.  The  earliest  on  record  were 
those  of  Sesostris,  mentioned  by  Eustathius,  who  says,  that  ''this 
Egyptian  king,  having  traversed  great  part  of  the  earth,  recorded 
bis  march  m  maps,  and  gave  copies  of  them  not  only  to  the  Egyp- 
tians, but  to  the  Scythians,  to  their  great  aitonishment.**  Some  have 
imagined,  with  much  probability,  that  the  Jews  made  a  map  of  the 
Holy  Land  when  they  gave  the  different  portions  to  the  nine  tribes 
at  ^ilob;  for  Joshua  tells  us  that  they  were  sent  to  walk  throng 
the  land,  and  that  they  described  it  in  seven  parts  in  a  book ;  and 
Josephus  relates  that  when  Joshua  sent  out  people  from  the  dil« 
ff rent  tribes  to  measure  the  land,  be  gave  them  as  companions 
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persons  well  »k9led  in  geometry,  who  could  not  be  mistaken  in  tbe 
lrutb« 

The  first  Grecian  map  on  record  was  that  of  Anaximander,  mes* 
lioned  bj  Stnibo,  supposed  to  be  tlmt  referred  to  by  Hippafcbns 
under  the  des%uation  of  the  ancient  map.  Herodotus  minutely 
describes  a  map  made  by  Aristagoras,  tyrant  of  Miletus,  which  will 
serve  to  give  some  idea  of  the  maps  of  those  times.  He  relates^ 
that  Aristagoras  shewed  it  to  Cieomenes,  king  of  Sparta,  to  induce 
bim  to  attack  the  king  of  Persia  At  Susa,  in  order  to  restore  the 
lonians  to  their  ancient  liberty.  It  was  traced  upon  brass  or  co{^r, 
9pd  seems  to  have  been  a  mere  itinerary,  containing  the  route 
through  the  iptermediate  countries  which  were  to  be  traversed  in 
jthat  march,  pprith  the  rivers  ^alys,  the  Euphrates,  and  Tigris,  which 
Herodotus  mentions  as  neoeisary  to  be  crossed  in  that  expedition, 
|t  contaiaed  one  stra^ht  line  called  the  royal  road,  or  highway, 
which  took  in  all  the  stations  or  places  of  encampment  from  Sairdis 
|o  Susa;  beii^  111  in  the  whole  journey,  and  containing  13,600 
Stadia,  or  lOS7i  Roman  miles  of  ^000  feet  eadi. 

Eratosthenes  first  attempted  to  reduce  geography  to  a  regular 
l^sten^,  and  introduced  a  regular  parallel  of  latitudci  which  began 
|at  the  Streigbts  of  Gibraltar,  passed  eastwards  through  the  isle  of 
Rhodes,  and  so  on  to  the  mountains  of  India,  noting  all  the  Inter- 
inediate  plaoes  through  which  it  passed.  In  ^drawing  this  line,  he 
was  not  regnlated  by  the  same  latitude,  bat  by  observing  where  the 
longest  day  was  14  hours  and  a  half,  which  H^iparebiis  afterwards 
determined  was  the  latitude  of  S6  degrees. 

This  first  parallel  through  Rhodes  was  ever  after  considered  with 
a  degree  of  preference,  m  comtroeting  all  the  ancient  maps;  and  the 
longitude  of  the  then  known  world  was  oft^i  attemptejl  to  be  metr 
sured  in  stadia  and  miles,  according  to  the  extent  of  that  ltne>  by 
ipany  succeeding  geographers. 

Eratosthenes  soon  a£t^  attempted  not  only  to  draw  other  paral- 
lels of  latitude*  but  also  to  trace  a  meridian  at  right  angles  to  these, 
passing  through  Rhodes  md  Alexandria  down  to  Syene  and  Meroe  5 
and  at  length  he  undertook  the  arduous  task  of  determining  the  ck« 
cumference  of  the  globe,  by  an  actual  measurement  of  a  segment  of 
one  of  its  great  cirdes.  To  find  the  magnitude  of  the  eartb  is 
indeed  a  problem  which  has  engaged  the  attention  of  astronomers 
and  geop»pbera  ever  since  the  spherical  fignr^  of  jt  was  known. 
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If  8e#n»  AnaxkMiiAr  wat  tiie  fintt  anMXig  Ihe  Qreeks  vtho  mrdto 
upon  this  subject.  Archytas  of  Tarentum,  a  Pythagoreau,  iunMitf 
for  hit  skiU  m.  nathematics  and  mecfaaoics^  also  nfade  somt  alt^iiifits 
in  this  way ;  md  Dr.  Long  coBJeetm^s  that  these  ar«  th^  aothova  of 
the  iiiDst  ancient  opinion  that  the  ciremttfereiice  jaf  Ihe  eirtii  k 
400,000  stadia ;  and  ArehioMdes  makts  mentioii  of  the  ancients  who 
estUnated  the  cnronmference  of  the  earth  at  onfy  dO^OOQ  stadhi. 

As  to  the  me^ods  of  OMasuriug  the  chreumfereace  of  the  earth, 
it  wotiM  seeniy  ftom  what  Aristotle  says  in  his  tveatise  de  CaAop 
that  they  Were  niudi  the  same  as  those  used  by  the  niodams^  defi« 
ciebt  only  in  the  accuraey  of  the  rastruments.  That  phileaopher 
there  says,  that  diflfereat  ^ars  pass  through  our  zenith,  accoiding  at 
our  sitaation  k  more  or  less  northerly;  and  that  in  the  southern 
parts  of  the  earth  stars  come  above  our  horizon,  wbiebave  bo  longer 
visible  if  we  go  northward.  Hence  it  appears  that  there  are  two 
ways  of  measuring  the  circurafefetice  of  the  aafth ;  one  by  observing 
stars  which  pass  through  the  zeirith  of  ode  phice,  and  do  not  pass 
through  that  of  another ;  the  other,  by  observing  some  stars  which 
come  above  the  horizon  of  one  placa,  and  are  observed  at  the  same 
time  to  be  iii  the  horizon  of  anothek'.  The  former  of  these  method^ 
which  k  the  best,  was  Ibllewed  by  Eratosthenes  at  Alexandria  in 
Egypt,  250  years  before  Christ.  He  knew  that  at  the  summer  soV* 
atioei  the  sun  was  vertical  to  the  iohabitanis  of  Syene,  a  town  on  the 
confines  of  Ethiopia,  under  the  tropic  of  Cancer,  where  they  Imd  a 
well  made  to  observe  it,  at  the  bottom  of  which  the  rays  of  the  sun 
Ml  perpendiculairly  the  day  of  the  summer  solstice :  he  observed  by 
the  shadow  of  a  wire  set  perpendicularly  in  an  hemispherical  bason, 
how  Ayr  the  sun  was  on  that  day  at  nooa  distant  from  the  zenith  of 
Alexandria ;  when  he  found  that  distance  was  equal  to  the  50th 
l^it  of  a  gtei^  circle  in  the  heavens.  Then  supposing  Syene  and 
Alexandria  under  the  same  meridian^  he  inferred  that  the  dotance 
between  them  Was  the  50th  part  of  a  great  circle  upon  the  earth ; 
and  this  distance  being  by  measure  5000  stadia,  lie  concluded  that 
the  whole  ckcumference  of  the  eaith  was  $50,000  stadia.  But  as 
tiib  msnbber  divided  by  860  would  give  6g4^  stadia  to  a  degree, 
either  firatosthenes  honself,  or  some  ci  his  followers,  assigned  the 
round  number  700  stadk  to  a  degree,  wlndi  mnlt^lied  by  d($0, 
mikes  the  ctitumftrence  of  the  earth  25S»000  stadia;  whence 
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both  these  measures  are  given  by  diftreat  tiuthors  as  that  of 
Eratosthenes. 

In  the  time  of  Pompey  the  Greats  Posidonius  determined  the 
measure  of  the  circumference  of  the  earth  by  the  2d  method  above 
hinted  by  Aristotle,  viz.  the  horizontal  observations.  Knowing  that 
the  star  called  Canopus  was  but  just  visible  in  the  horizon  of  Rhodes^ 
and  at  Alexandria  finding  its  meridian  height  was  the  48th  part  of 
a  gr^t  circle  in  the  heavens,  or  7^  degrees,  answering  to  the  like 
quantity  jof  a  circle  on  the  earth ;  then  supposing  these  two  places 
under  the  same  meridian,  and  the  distance  between  them  5000  stadia, 
the  drcumference  of  the  earth  will  be  240,000  stadia ;  which  is  the 
first  measure  of  Posidonius.  But  according  to  Strabo,  Posidonius 
made  the  measure  of  the  earth  to  be  180,000  stadia^  at  the  rate  of 
500  stadia  to  a  degree.  The  reason  of  this  difference  is  thought  to 
be,  that  Eratosthenes  measured  the  distance  between  Rhodes  and 
Alexfmdria,  and  found  it  only  37^0  stadia ;  takidg  this  for  a  48Ui 
part  of  the  earth's  circumferefice,  which  is  the  measure  of  Posido- 
nius, the  whole  circumference  will  be  180,000  stadia.  This  measure 
was  received  by  Marinus  of  Tyre,  and  is  usually  ascribed  to  Ptolemy. 
But  this  measurement  is  subject  to  great  uncertainty,  both  on  account 
of  the  great  refraction  of  the  stars  near  the  horizon,  the  difficulty 
of  measuring  the  dbtauce  at  sea  between  Rhodes  and  Alexandria, 
and  by  supposmg  those  places  under  the  same  meridian,  when  they 
are  really  very  different. 

Several  geographers  afterwards  made  use  of  the  different  heights 
of  the  pole  in  distant  places  under  the  same  meridiaii,  to  find  the 
dimensions  of  the  earth.  About  the  year  800  the  khalif  Almemun 
bad  the  distance  measured  between  two  places  that  were  two  degrees 
asunder,  and  under  the  same  meridian,  in  the  plakis  of  Siiyar  on  the 
Red  Sea ;  and  the  result  was,  that  the  degree  at  one  time  was  found 
equal  to  56  miles,  and  at  another  56\  or  56|>  miles. 

The  next  attempt  to  find  out  the  circumference  of  the  earth  was 
in  1525,  by  Femelius,  a  learned  philosopher  of  France.  For  thb 
purpose  he  took  the  height  of  thepole  at  Paris,  gokig  thence  directly 
northwards,  till  he  came  to  the  place  where  the  height  of  the  pole 
was  one  degree  more  than  at  that  city.  The  length  of  the  way  was 
measured  fa^  the  number  of  revolutions  made  by  one  of  the  whed^ 
6fhis  carriage;  and  after  proper  allowances  for  the  declivities  and 
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turnings  of  the^road,  he  coocladed  that  68  Italiao  miles  were  equal 
to  a  degree  of  the  earth. 

According  to  these  methods  many  other  meaturements  of  the 
earth's  circumference  have  since  that  time  been  miade,  with  much 
greater  accuracy. 

Though  the  maps  of  Eratosthenes  were  the  best  of  his  time,  they 
were  yet  very  imperfect  and  inaccurate.  They  contained  little  more 
than  the  states  of  Greece,  and  the  dominions  of  the  successors  of 
Alexander,  digested  according  to  the  surveys  above-mentioned. 
He  had  indeed  seen,and'has  quoted,  the  voyages  of  Pythias  into  the 
great  Atlantic  ocean,  which  gave  him  some  fiiDi  idead  of  the  western 
pares  of  Europe ;  but  so  imperfect,  that  they  could  not  be  tealhsed 
into  the  outlines  of  a  chart.  Strabo  says  he  was  very  ignorant  of 
Gaul,  Spain,  Gernrany,  and  Britaiq ;  and  he  was  equally  ignorant  of 
Italy,  the  coast  of  the  Adriatic,  Pbotus,  and  all  the  countries  towards 
the  north. 

Such  was  .the  state  of  geography,  and  the  nature  of  the  maps« 
before  the  time  of  Hipparchus.  He  made  a  closer  connection 
between  geography  and  astronomy,  by  determining  the  latitudes  and 
longitude^  from  celestial  observations.  ' 

.  War  has  usually  been  the  occasion  of  making  or  improvuig  the 
maps  of  countries ;  and  accordingly  geography  made  great  advances 
from  the  progress  of  the  Roman  arms.  In  all  the  provinces  occu* 
pfed  by  that  people,  camps  were  every  where  constructed  at  proper 
intervals,  and  good  roads  made  for  communication  between  them ; 
and  thus  civilization  and  surveying  were  carried  on  according  to 
system  through  the  whole  extent  of  that  large  empire.  Every  new 
war  produced  a  new  survey  and  itinerary  of  the  countries  where  the 
scenes  of  action  passed ;  90  that  the  materials  of  geography  were 
accumulated  by  every  additional  conquest.  Poiybius  says,  that  at 
the  beginning  of  the  second  Punic  war,  when  Hannibal  was  pre- 
paring his  expedition  against  Rome,  the  countries  through  which  he 
^as  to  pass  were  carefully  measured  by  the  Romans.  And  Julius 
Caesar  caused  a  general  survey  of  the  Roman,  empire  to  be  made,  by 
a  decree  of  the  senate.  Three  surveyors  had  this  task  assigned  theqn, 
which  they  completed  in  twenty*five  years.  The  Roman  itineraries 
that  are  still  extant,  also  shew  what  care  and  pains  they  had  been  at 
in  makmg  surveys  in  all  the  different  provinces  of  their  eippire,  and 
Pliny  has  filled  the  3d>  4tb,  and  5th  books  of  hb  Natural  History 
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witii  Hm  ciMgrapUcal  distatices  tbfU  wese  thtit  flmmred.  Other 
iDa)>s  are  also;  stUl  preserved,  known  by  the  tuaae  ait  the  Pentigermn 
fables,  publiibed  by  Wefeer  and  Bertins,  wfaidi  give  a  good  spe- 
cimen of  what  Vegetm  calls  the  i^Mo^apUia^  for  the  better  direction 
of  their  armies  in  their  march. 

The  Roman  empire  had  been  enlarged  to  its  greatest  extent,  and 
idl  its  provinces  well  known  and  surveyed,  when  Ptolemy>  about  150 
years  after  Christ,  composed  his  system  of  geograpliy.  The  chief 
materials  he  employed  in  compo«ing  this  work,  were  the  proportions 
of  the  gnomon  to  its  shadow,  taken  by  different  astronomel^  at  the 
times  of  the  equinoxes  and  sdstioes ;  calculations  founded  on  the 
length  of  the  longest  fhiys;  the  measured  or  computed  dbtances  of 
the  princq[>al  roads  contained  in  their  surveys  and  itinemries ;  and 
the  various  reports  of  travellers  and  navigators.  AU  these  were 
compared  together,  and  digested  into  one  amform  body  or  system ; 
4md  afterwards  were  translated  by  him  into  a  new  mathematk^  hm- 
guage,  expressing  the  difitrent  degrees  of  latitude  jind  longitude, 
after  the  inventioD  of  Uipparchns,  which  had  been  neglected  for 
250  years. 

Ptolemy's  system  of  geography,  ootwithstandkig  it  was  still  ve^ 
imperfect,  continued  in  vogue  till  the  last  three  or  four  centuries, 
withm  which  time  the  great  improvements  in  astronomy,  tlie  many 
discoveries  of  new  countries  by  voyagers,  and  the  (progress  of  vrar 
wd  arms,  have  contributed  to  bring  it  to  a  very  considerable  degree 
of  perfection. 

Sbct.  II.— Princtp/w  of  Geography. 

The  fbndamental  pmcipleB  of  geography  are,  the  spherical  figure 
of  the  earHi,  its  rotation  on  its  axis,  its  revdution  round  ti>e  sun,  a^d 
the  position  of  the  axis  or  line  round  which  it  revolves  with  regard 
to  the  celestial  luminaries.  That  the  ^arth  and  sea  tpdien  together 
constitute  one  vast  sphere,  is  demonstrable  by  the  following  argu- 
ments :  1  •  To  people  at  sea  the  hind  disappears,  though  near  enough 
to  be  visible  were  it  not  for  the  intarvening  convexity  of  the  water. 
2.  The  higher  the  eye  is  j^ced,  the  more  extensive  is  the  pioq)ect ; 
whence  it  is  common  for  sailors  to  climb  up  to  the  tops  of  the  masts 
to  discover  land  or  ships  at  a  dbtance.  But  this  wonld  give  them 
no  advantage,  were  it  not  for  thecoovexity  of  the  eartii ;  for  upon  pn 
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ioBfiitdy  extended  pkne  objeds  wouUI  be  i^aible  at  the  mmm  dis« 
tmce  whether  the  ^ye  waa  high  or  low,  nor  wouU  aoy  of  them  v^  - 
nish  till  the  angle  nnder  which  they  appefied  hecaam  too  snail  to 
be  perceived.    3.  To  people  on  shore  the  mast  of  a  ah^  at  sea  ap* 
pdirs  before  the  hull;  but  were  the  earth  an  infinite  plane,  not  tht 
highest  objects,  but  the  largest,  would  be  longest  vbible ;  and  the 
mast  of  a  ship  would  disappear,  by  the  snlaUness  of  its  ai^le,  long 
before  the  hull  did  so.    4.  The  convexity  of  any  piece  of  still  wa« 
ter  of  a  mile  or  two  in  extent  may  be  perteived  by  the  eye.    A  little 
boat,  fer  instance,  may  be  perceived  by  a  man  who  is  any  h^ht 
above  the  wator ;  bat  if  he  stoops  down  or  lays  hir  eye  near  the 
surfiice,  he  witt  find  that  the  fluid  appears  to  rise  and  intercept  the 
view  of  the  boat  entirely.    5  •  The  earth  has  been  often  sailed  rounds 
as  by  Magelkn,  Drake,  Damjner,  Anson,  Cook,  and  mmiy  other 
navigatore,  which  demonstrates  that  tiie  surface  of  the  oceao  is  sphe* 
rical ;  and  that  the  land  b  very  little  diflfefent,  may  easily  be  proved! 
from  the  snudl  ekvation  of  any  part  of  it  above  the  sui^Me  of  tht 
water.    The  mouths  of  rivers  which  run  1000  miles  are  not  more 
than  one  mile  below  their  sources,  and  the  highest  mou^ams  are 
not  quite  four  miles  of  perpendicular  height ;  so  that,  though  some 
parts  of  the  land  are  elevated  into  hills,  and  others  4epresBed  into 
valleys,  the  whole  may  still  be  accounted  spherical.    6.  An  unde* 
niable,  and  indeed  ocular,  denioustratioa  of  the  spherical  figure  of 
the  earth  fc  taken  from  the  round  figure  of  its  i^dow  which  ialb 
upon  the  moon  in  tune  of  eclipses.    As  various  sides  of  the  earth  are 
turned  towards  the  sun  during  the  tune  of  different  phsBnomeaa  of 
this  kind,  and  the  shadow  in  aU  cases  appears  circular,  it  is  impos  • 
sible  to  suppose  the  figure  of  the  earth  to  be  any  other  than  sphm^ 
caL    The  inequalities  of  its  surface  have  no  effect  upon  the  earth% 
shadow  on  the  moon;  for  as  the  diameter  of  the  terraqueous  globe 
is  very  little  less  than  8000  miles,  and  the  height  of  the  behest 
mountains  on  earth  not  quite  four,  we  cannot  account  the  lattei  any 
more  dian.the  2000th  part  of  the  former,  so  that  ^e  moeatauii 
bear  no  more  proportion  to  the  bulk  of  the  earth,  than  grains  of 
dttsi  bear  to  tiiat  of  a  comm6n  globe. 

A  great  many  of  the  teriestrial  pheaneraena  depend  upon  the  g^o« 
lirular  figure  of  the  earth,  and  the  position  of  its  axis  with  regard  to 
the  sun,  par^ularly  the  rising  afid  setting  of  the  celestialiunrinaries, 
the  lenglb  of  the  days:  and  nii^ts,^  4^c 
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Though  th€  tan  rises  and  sets  all  over  the  world,  the  circumstaocet 
of  his  doing  so  are  very  different  in  different  countries.  The  most 
remarkable  of  these  circumstances  is  the  duration  of  the  light,  not 
only  of  the  sun  himself,  but  of  the  twilight  before  he  rises,  and  after 
he  sets.  In  the  equatorial  regions,  for  instance,  darkness  comes  on 
very  soon  after  sunset;  because  the  convexity  of  the  earth  conies 
quickly  in  between  the  eye  of  the  observer  and  the  luminary,  the 
motion  of  the  earth  being  much  more  rapid  there  than  any  where 
else.  In  our  climate  the  twilight  always  continues  two  hours,  or 
thereabouts,  and  during  the  sumoier  season  it  continues  ii|  a  consi« 
derable  degree  during  the  whole  night.  In  countries  fiurtlier  to  the 
northward  or  southward,  the  twilight  becomes  brighter  and  brighter 
as  we  a|>proach  the  poles,  uiitil  at  last  the  sun  does  not  appear  to 
touch  the  horizon,  but  goes  in  a  circle  at  some  distance  above  it  for 
many  days  successively.  In  like  manner,  during  the  winter,  the 
same  luminary  sinks  lower  and  lower,  untill  at  last  he  does  not  ap- 
pear at  all;  and  there  is  only  a  dim  twinkling  of  twilight  for  an 
hour  or  two  in  the  middle  of  the  day.  By  reason  of  the  refraction  of 
the  atmosphere,  however,  the  time  of  darkness,  even  in  the  most 
inhospitable  climates,  is  always  less  than  that  of  l%bt ;  and  so  re* 
niarkable  is  the  effect  of  tliis  property,  that  in  the  year  1682,  when 
some  Dutch  navigators  wintered  in  Nova  Zembla,  the  sun  was  visible 
to  them  sixteen  days  before  he  could  have  been  seen  above  the  ho- 
rizon,, had  there  been  no  atmo^here.  The  reason  of  all  Ibis  is,  that 
in  the  northern  and  southern  regions  only  a  small  part  of  the  con* 
vexity  of  the  globe  is  interposed  betwixt  us  and  the  sun  for  many 
days,  and  in  the  high  latitudes  none  at  all.  In  tlie  warmer  climates 
the  sun  has  often  a  beautiful  appearance  at  rising  and  setting,  fVom 
the  refraction  of  his  light  through  the  vapours  which  are  oqpiously 
raised  in  those  parts.  In  the  colder  regions,  halos,  parhelia,  aurora 
borealis,  and  other  meteors  are  frequent ;  the  two  fonner  owing  t^ 
the  great  quantity  of  viqMmr  continually  flying  from  the  warm  re« 
gions  df  the  equator  to  the  colder  ones  of  the  poles.  In  the  high 
northern  latitudes,  thunckr  and  lighiiiing  are  nnknown,  or  hut  seldom 
heard  of;  but  the  more  terrible  pbaenomena  of  earthquakes,  volca- 
noes, &c.  are  by  no  means  unfrequent.  These,  however,  seem  only 
to  afiect  inlands  and  the  maritime  parts  of  the  continent. 

Notwithstanding  the  seeming  inequsdity  in  the  distribution;of  l^iht. 
and  darkness^  however,  it  is  certain,  that  throughout  the  whole 
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VFoiid  Ibere  is  aeftrij  ta  equal  proportioo  of  light  diffiifled  on  eveiy 
|Nuit,«b6tnc^  fromiSrlAl  is  absorbed  by  clouds^  ¥apoufs»  and  the 
atmo9pbere  Itself*  The  ^qualoKial.  regions  have  indeed  the  most  in- 
tenseJi^tdurii^ihe^ay,  but  the  nights  are  long  and  daric;  while^ 
on  the  otber  band»  in  the  northerly  and  southerly  parts,  though  the 
the  sun  shines  less  |>ow«rfully,  yet  the  length  pf  tinw  that  he  appears 
aboye  the  horison>  with  the  greater  duration  of  the  twilight,  com* 
pensates  for  the  seemfaig  deficiency. 

Wore  the  earth  «a  perfect  fHhine,  the  sun  would  appear  to  be  ver* 
ticni  in  every  part  of  it ;  for,  in  oompavlson  with  the  immense  mag- 
nitude of  that  luminary^  the  diameter  of  this  globe  itself  is  but  veiy 
-amaU ;  and  as  the  sun,  were  he  near  to  us,  would  do  much  moi^  than 
cover  the  whde  ettth,  so,  though  be  were  t^noved  to  any  distance^ 
the  whole  diameter  of  the  latter  would  nuike^no  differenee  in  the  ap- 
iMent  angle  of  aUitude.  By  means  iof  the  globular  figure  of  the 
jmflh  also*  along  with  the  fieat  disparity  iietween  the  diameters  of 
the  ^MK»  'bocUes^  some  advantage  is  given  to  the  49^  over  the  night ; 
ibr  tihus4be  sua,  being  immensely  the  larger  of  the  two,  shines  upon 
iQOfe  than, one  half  of  the  earth;  wbenice  the  unenlightened  part 
has  a  shorter  way  to  go  before  it  again  receives  the  benefit  of  his 
rays,  13m  difference  is  i^ter  in  the  infetior  pkoets  Venus  and 
Merottiy  >tha«  in  'the  esffth. 

T^  tiie  gMnikr  form  of  the  earth  likewise  is  owiqg  the  long 
moonlight  wbiob  the  inhabitants  of  the  polar  regions  ei^oy.  The 
same  figum  likewise  occasions  the  appearance  and  disappearance  #f 
cert^ii^tstars  «t  sotae^nsons  of  the  year  msome  countries ;  for,  were 
the  earth  fkit^  -they  wouM  aH  be  vasible  in  eveiy  part  of  the  world  at 
the  same  time*  lienee  most  probably  has  arilen  the  opinion  of  Ihe 
jnfluence  of  certain  stars  upon  the  weather  and  otl^r  sublunary 
matters.  In  short,  on  the  globular  figure  of  the  earth  depends  the 
whole  preasnt  uppearanee  of  nature  aroimd  us ;  and  were  the  shqie  of 
the  j^hmet  we  inhnbit  M>  be  altered  to  any  other,  besides  the  real  dif- 
fsvencos  which  would  of  consequence  take  place,  the  apparent  ones 
would  he  so  igreat,  that  we  cannot  form  any  idea  of  the  face'  which 
najiuBe  should  than  present  to  us. 

In  neography  the  ^siroles  whiph  the  sun  apparenUy  describes  in 
the  heavens  fire  ^si^pposed  to  be  extended  as  far  as  the  earth,  and 
jBU^sked  on  itsaudiice ;  «nd  in  lAe  manner  we  mayimagine  as  many 
circles  as  weplense  to  be  described  on  the  -eorth,  and  4heir  pipings 
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to  be  extended  to  the  celestial  sphere,  till  they  nmrk  cDHeentib 
ones  on  the  heavens.  The  most  remarkable  of  those  supposed  by 
geographers  to  be  described  in  this  manner  are  the  following. 

I  •  The  horizon^  This  n  properly  a  double  cn:cle,  one  of  the  ho- 
rizons being  called  the  sensible,  and  the  other  the  rationaL  The 
former  comprehends  only  that  space  which  we  can  see  aronnd  us 
upon  any  part  of  the  earth,  and  which  is  very  different  according  to 
the  difference  of  our  situation.  The  other,  called  the  rational,  is  a 
circle  parallel  to  the  former,  and  passing  through  the  centre  of  the 
earth,  supposed  to  be  continued  as  far  as  the  celestial  sphere  itsdf. 
To  the  eyes  of  spectators  there  is  always  a  vast  difierence  be- 
tween the  sensible  and  rational  horizons ;  but  from  the  immense 
disparity  betwixt  the  size  of  the  earth  and  celestial  sphere,  planes  of 
both  circles  niay  be  considered  as  coincident  Btnce  in  geography, 
when  the  horizon,  or  plane  of  the  horizon,  is  spoken  of,  the  nitiooal 
is  always  understood  when  nothing  is  said  to  the  contrary.  In  eoo- 
sequence  of  the  round  figure  of  the  earth,  every  part  has  a  diffistcnt 
Jiorizon.  The  poles  of  the  horizon,  that  is,  the  points  directly  above 
the  head,  and  opposite  to  the  feet  of  the  obsmrer,  are  called  the 
zenith  and  nadir. 

a.  A  great  circle  described  upon  the  sphere  of  the  heaven,  and 
passing  through  the  two  vertical  points,  b  called  a  vertical  drcle,  or 
an  azunuth ;  and  of  these  we  may  soppose  as  many  as  we  please  alt 
round  the  horizon.  In  geography  every  circle  obtams  the  epithet 
of  great  whose  plane  passes  through  the  centre  of  the  earth;  in 
other  cases  they  are  called  lesser  curcles.  The  altitudes  of  the  hea» 
venly  bodies  are  measured  by  an  aKh  of  the  azimuth  or  vertical 
drcle  mtercepted  between  the  horizon  and  body  itself.  The  most 
accurate  method  of  taking  them,  with  regard  to  the  sun  and  moon, 
is  for  two  persons  to  make  their  observations  at  the  same  time ;  one 
of  them  to  observe  the  altitude  of  the  upper  limb,  the  other  of  the 
lower  limb  of  the  luminary;  the  mean  betwixt  these  two  giving  the 
true  height  of  the  centre.  The  same  thing  may  also  be  done  accu« 
ratel^  by  one  observer,  having  the  apparent  diameter  of  the  luminary 
given.  For,  having  found  the  height  of  the  upper  edge  of  the  lin^ 
by  the  quadrant,  take  from  it  half  his  diameter,  the  remainder  b  the 
height  of  his  centre;  or  having  found  the  altitude  of  hb  lower  edge, 
add_  to  it  half  the  diameter,  and  the  sum  b  the  height  of  the  centre 
as  before.    Whea  the  observations-  are  made  with  a  large  mstm- 
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meuty  it  will  be  jconvenient  to  use  a  sextant,  or  dxth  part  of  a  circle^ 
rather  than  a  quadrant^  as  being  less  uawieldy. 

S.  AlmucaDtars  are  circles  supposed  to  be  drawn  upon  the  spliere 
parallel  to  the  horizon,  and  grow  less  and  less-as  they  approach  the 
vertical  points,  where  they  entirely  vanish.  The  apparent  distances 
betwixt  any  two  celestial  bodies  are  measured  by  supposing  arches 
of  great  circles  drawn  through  them,  and  then  fiuding  how  many 
degrees,  minutes,  &c.  of  these  circles  are  mtercepted  between  them* 

4.  Sometimes  the  visible  horizon  is  considered  only  with  regard 
to  the  objects  which  are  upon  the  earth  itself,  in  which  case  we  may 
define  it  to  be  a  lesser  circle  on  the  surface  of  the  earth,  compre- 
hending all  such  objects  as  are  at  once  visible  to  us ;  and  the  higher 
the  eye,  the  more  is  the  visible  horizon  extended.  It  is  most  accu- 
rately observed,  however,  on  the  s^a,  on  account  of  the  absence  of 
those  inequalities  which  at  land  render  the  curcle  irregular;  and  for 
this  reason  it  is  called  sometimes  the  horizon  of  the  sea,  and  may  be 
observed  by  looking  through  the  sights  of  a  quadrant  at  the  most 
distant  part  of  the  sea  then  visiJt^le. 

5.  The  equator  is  a  great  circle  upon  the  earth,  every  part  of 
which  is  equally  dbtant  from  the  poles  or  extremities  of  the  ima- 
giuary  line  on  which  the  earth  revolves.  In  the  sea  laqguage  it  is 
ttstt^y  called  the  luie>  and  when  people  ssul  over  it  they  are  said  to 
cross  tiie  line. 

.  6.  The  meridian  of  any  place  is  a  great  cvcle  on  the  earth  drawn 
through  that  place  am)  boUi  poles  of  the  earth.  It  cuts  the  horizon 
at  right  angles,  markmg  upon  it  the  true  north  and  south  point; 
dividing  also  the  globe  into  two  hemispheres,  called  the  eastern  and 
western  from  thdr  relative  situation  to  that  place  and  to  one  another. 
The  poles  divide  the  meridians  into  two  semicircles,  one  of  which  is 
drawn  through  the  place  to  which  the  meridian  belongs,  the  other 
through  that  point  of  the  earth  which  is  opposite  to  the  place.  By 
the  meridian  of  a  place,  geographers  and  astronomers  often  mean 
that  semicurde  which  passes  through  the  place,  and  which  may  there- ' 
fore  be  called  the  geograj^ical  meridian.  All  places  lying  under 
this  semicircle  are  said  to  have  the  same  meridian ;  the  semicircle 
opposite  to  this  is  called  the  opposite  meridian.  The  meridians  are 
thus  unmovably  fixed  to  the  earth  as  much  as  the  places  themselves 
on  its  surface,  and  are  carried  along  with  it  in  its  diurnal  rotation 
When  the  geographical  meridian  of  any  place  is,  by  the  rotation  of 
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theearth,  bfotigbt  to  p6kki  at  tfeesmi,  It  li  Boob  6t  ikiid^yat  that 
place,  in  whicb  ease,  were  the  plane  <of  the  circle  extended,  it  wocM 
pass  through  the  middle  of  the  lumioMys  disk.  Supposing  the  plane 
of  the  meridians  to  be  extended  to  the  sphere  of  the  fixed  stars,  m 
that  case,  when  by  the  rotation  of  the  earth  the  meriiJKan  comes  to 
luiy  point  in  the  heavens,  then,  firom  the  af^retit  motion  of  the 
heavens,  ttiat  point  is  said  to  come  to  tite  meridian.  The  rotation 
of  the  earth  is  west  to  east ;  whence  the  celestial  bodies  appHUr'to 
fnove  the  contrary  way.  East  and  west,  however,  aire  terms  merely 
relative,  since  a  place  may  be  west  fi^om  one  part  of  the  earth,  and 
east  from  another  i  but  the  true  eaM  ^Hd  west  points  from  any 
place  are  those  where  its  horizon  cuts  the  equator. 

7.  All  places  lying  nnder  the  same  meHdtan  are  said  to  have  At 
same  longitude,  and  those  which  Me  nnld^  diibiient  meridians  to 
have dUferent  longitudes ;  the dffiereliee  of  lonmtode  beingreekoned 
eastward  or  WcMward  on  the  equator*  Thus,  If  the  meridte  of  any 
plade  cuts  the  equator  m  a  point  15  degtees  distant  from  one  anotlier, 
ire  say  there  it  a  diference  of  15''  longitude  betwixt  these  two  places 
Geographers  usually  fix  upon  the  tneridian  of  sonM  temarkable 
place  fbr  the  first  meridian;  ahd  reckoh  the  lougitude  of  all  otiiets  by 
the  distance  of  their  meridlttis  fh)m  Miat  which  libey  teve  deter* 
mined  npon  as  tb^  tint;  m^surhig  sometimes  eastward  on  Ihtf 
equator  all  round  the  globe,  or  sometimes  only  oue^alf  east  and  the 
other  west ;  according  to  Whidi  last  meaiurement  no  ph»ee  can  have 
more  than  ISO*  longitude  either ea^t  or  w^t.  By  thetmdeift  Qret^ 
geographers  the  fitst  metidhoi  was  plaeed  fu  Heta  e^  Amoaia,  one 
of  the  Forttmate  Mmds,  as  they  were  then  called,  which  is  supposed 
to  be  the  present  island  of  IVn^riffe,  one  of  the  Canaties.  lliese 
islands,  bemg  the  most  west^y  part  of  the  earth  then  known,  were 
on  that  account  made  the  seat  of  the  fh*st  meridian,  the  fongitnde  of 
all  other  places  bemg  counted  eastward  from  thetur  Among  mo- 
dem geographers  indeed,  it'w  no^  become  customary  ibr  each  to 
make  the  first  meridkn  pass  thK)ugh  the  capital  of  his^own  coun- 
try ;  a  practite,  however,  which  is  certamly  improper,  as  it  b  thtia 
hnpossible  for  the  geogra{Aer8  of  one  nation  loilndersfaud  the  mapa 
d(  another  without  a  troublesome  calculation,  whft^  answers  no 
purpose.  By  the  Biiliidi  geographers  the  tO}id  6i>servatofy  at 
Greenwich  is  accounted  the  place  of  the  first  meridian. 

8.  If  w^  suppose  12  great  circles,  one  of  which  i»  the  ^etidian  to 
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m,  given  pkiee^  to  iBl^fsect  each  other  at  the  f>oles  of  the  mi^,  and 
divide  the  equator  into  34ieqaal  part%  these  are  the  hour-circles  o| 
that  place.    Theqe  are  by  the  pole^  divided  into  24  aemidrcleii,  cok* 
TCspondhig  to  the  24  hour»  df  the  day  and  night*    The  distanfce  . 
betwixt  each  two  of  these  semicircles  b  15%  being  the  Mth  part  of 
360;  and  by  tlie  rotation  of  the  earth  each  succeedipg  semicircle 
points  at  the  sun  odoe  hour  after  the  precejding ;  so  that  in  %4>  hours 
all  the  semicircles  point  successively  at  the  sun.     Hence  it  appears^ 
that  such  as  have  their  meridbn  15^  east  from  any  other  have  liker 
wise  noon  one  hour  sooner*  and  the  contrary;  and  in  like  manner 
eveiy  other  hour  of  tlie  natural  day  is  an  hour  sooner  at  the  one 
plape  than  at  the  other.  Hence>  from  any  bstantaneous  aj^pearance  i^ 
the  heavens  observed  at  two  dbtant  places,  the  difference  of  longi* 
tnde  may  be  found,  if  the  hour  of  the  day  is  known  at  each  place^ 
Thus  the  beginning  of  an  eclipse  of  the  moon,  when  the  luminary 
first  touches  the  shadow  of  the  earth,  rs  an  instantaneous  appearance, 
as  also  the  end  of  an  eclipse  of  this  kmd,  when  the  moon  leaves  the 
shadow  of  the  earth,  visible  to  all  the  inhabitants  on  that  side  of  the 
gtobe.    If  therefore  we  find,  that  at  any  place  an  eclipse  of  the  moon 
begins  an  hour  sooner  than  at  another,  we  conclude  that  there  is  a 
difeience  of  15^  of  longitude  between  the  two  placet.     Hence  alsQ 
were  a  man  to  travel  or  sail  round  the  earth  from  west  to  east^  he 
would  reckon  one  day  more  to  have  passed  than  they  do  who  stay  at 
the  place  whence  he  set  out;  so  that  their  Monday  would  be  hi^ 
Tneaday,  i&c    On  the  other  hand,  if  he  sails  westward,  he  will 
Beckon  a  day  less,  or  be  one  day  in  the  week  later,  itnm  Miose  be 
leaves  behind 

9.  The  equator  divides  the  earth  mto  two'hemi^heres,  qilM  the 
northern  and  southern ;  all  places  lying  under  the  equator  are  s^d 
to  have  no  latitnde ;  and  all  others  to  have  north  or  south  latitude 
according  to  their  situation  with  respect  to  their  equator*  The  la* 
titttde  itself  is  the  distance  from  the  eqimtor  measured  upon  the 
meridian  in  degrees,  minutes,  and  seconds.  The  complement  of 
latitnde  is  the  difference  between  the  latitude  itself  and  90P,  or  as 
much  as  the  place  itself  is  distant  from  the  pole;  and  this  comple- 
ment is  always  equal  to  the  elevation  of  the  equator  above  the 
borteon  of  the  place.  The  elevation  of  the  pole  of  any  pl^e  is  equal 
to  the  latitnde  itself. 
An  mhabitant  of  the  earth  who  lived  (if  it  were  possible)  at  either 
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of  the  poles  would  have  always  one  of  the  celestial  poles  in  his  ze- 
nith, and  the  other  ki  his  nadir,  the  equator  coinciding  with  the 
horizpn.  Hence  all  the  celestial  parallels  are  also  parallel  to  the  ho« 
lizon ;  whence,  the  person  is  said  to  live  iu  a  parallel  sphere,  or  to 
have  a  parallel  horizon. 

Those  who  live  uuder  the  equator  have  both  poles  in  the  horizon, 
all  the  celestial  parallels  cutting  the  horizon  at  right  angles ;  whence 
they  are  said  to  live  in  a  right  sphere,  or  to  have  a  right  horizon. 

Lastly,  those  who  live  between  either  of  the  poles  and  the  equator, 
are  said  to  live  in  an  oblique  sphere,  or  to  have  an  oblique  horizon, 
because  the  celestial  equator  cuts  their  horizon  obliquely,  and  all 
the  parallels  in  the  celestial  sphere  have  their  planes  oblique  to  that 
of  the  horizon.  In  this  sphere  some  of  the  parallels  intersect  the 
horizon  at  oblique  angles,  sonde  are  entirely  above  it,  and  some  en- 
tirely below  it;  all  of  them,  however,  so  situated,  that  they  would 
obliquely  intersect  the  plane  of  the  horizon  extended* 

The  largest  parallel  which  appears  entire  above  the  horizon  of  any 
place  in  north  latitude  is  called  by  the  andent  astronomers  the  arctic 
circle  of  that  place ;  within  this  cu-cle,  that  is,  between  it  and  the 
arctic  pole,  are  comprehended  all  the  stars  which  never  set  in  that 
place,  but  are  carried  perpetually  round  the  horizon  in  circles  pa- 
rallel to  the  equator.  The  largest  parallel  which  is  hid  entirely 
below  the  horizon  of  any  place  m  north  latitude  was  called  the  an- 
tarctic  circle  of  that  place  by  the  ancients.  This  circle  comprehends 
all  the  stars  which  never  rise  in  that  place,  but  are  carried  perpe- 
tually round  below  the  horizon  in  cu-cles  parallel  to  the  equator.  In 
a  parallel  sphere,  however,  the  equator  may  be  considered  as  both 
arctic  and  antarctic  circle ;  for,  being  concident  with  the  horizon^ 
all  the  paralleb  on  one  side  are  entirely  above  it,  and  those  on  the 
other  entirely  below  it  In  an  oblique  sphere,  the  nearer  any  place  is  , 
to  either  of  the  poles,  the  larger  are  the  arctic  and  antarctic  curcles, 
as  being  nearer  to  the  celestial  equator,  which  is  a  great  drde.  In  a 
right  sphere,  the  arctic  and  antarctic  circles  have  no  place,  because 
no  parallel  appears  either  entirely  above  or  below  it.  By  the  arctic 
and  antarctic  drcles,  however,  modern  geographers  in  general  under- 
stand two  fixed  drcles  at  the  distance  of  23^  degrees  from  the  pole. 
These  are  supposed  to  be  described  by  the  poles  of  the  ecliptic,  and 
mark  out  the  space  all  round  the  globe  where  the  sun  appears  to 
touch  the  horizpn  at  midnight  in  the  sunmier  time,  and  to  be  en- 
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tirely  sunk  below  it  in  the  winter.    These  are  also  called  the  polar 
circles. 

According  to  the  different  positions  of  the  globe  with  regard  to 
the  8un»  the  .celestial  bodies  will  exhibit  different  phenomena  to  the 
inhabitants.  Thus,  in  a  parallel  sphere,  they  will  appear  to  move  in 
circles  round  the'  horizon;  in  a  right  sphere  they  would  appear  to 
rise^  and  set  as  at  present,  but  always  in  circles*  cutting  the  horizon 
at  right  angles;  but  in  an  oblique  sphere  the  angle  varies  according 
Jto  the  degree  of  obliquityi  and  the  position  of  the  axis  of  the  sphere 
jvith  regard  to  the  sun.  Hence  we  easily  perceive  the  reason  of  the 
MonU  coftinual  change  of  place  in  the  heavens ;  but  though  it  is  cer<* 
tain  that  this  change  takes  placeneyery  moment,  the  vast  distance  of 
the  luminary  renders  it  imperceptible  for  some  time,  unless  to  very 
nice  ^trojQpmical  observers.  Hence  we  may  generally  suppose  the 
placfi  of  the  sun  to  be  the  same  for  a  day  or  two  together,  though 
in  a  considerable  number  of  days  it  becomes  exceedingly  obvious  to 
eveiy  body.  When  he  appears  in  the  celestial  equjator,  his  motion 
jappears  for  some  tune  to  be  in  the  plane  of  that  circle,  though  it  is 
certain  that  his  place  there  is  only  for  a  single  moment ;  and  in  like 
manner,  when  he  comes  to  any  other  point  of  the  heavens^  his 
apparent  dhimal  motion  is  in  a  parallel  drawn  Ihroughout.  Twice 
a  year  he  is  in  the  equator,  and  then  the  days  and  nights  are  nearly 
equal  all  pv(er  the  earth.  This  happens  in  the  months  of  March  and 
September^  after  which  the  sun  proceeding  either  northward  or 
southward  accordmg  to  the  season  of  the.  year  and  the  position  of 
the  observer,  the  days  become  longer  or  shorter  than  the  nights, 
and  summer  or  wiuter  is  introduced  accordingly.  The  secession  of 
the  sun  from  the  equator  either  northward  or  southward  is  called 
his  declination,  €md  is  either  north  or  south  according  to  the  season 
of  the  year  ;  ^nd  when  this  declination  is  at  its  greatest  height,  he  is 
then  said  to  be  in  the  tropic,  because  he  begins  to  turn  back 
(the  word  tropic  being  derived  from  the  Greek  rgf^^t  io  turn 
TQU^d,)  The  spape  between  the  two  tropics,  called  the  torrid 
zone,  extends  for  no  less  than  47  degrees  of  latitfide  all  round  the 
globe  I  and  throughout  the  whole  of  that  space  the  sun  is  yertiqil 
to  some  pf  the  inhabitants  twice  a  year*  but  to  those  who  live 
directly  under  the  tropics  only  onc^.  Throughout  the  wl^ole  torrid 
zone  ^90  there  is  little  difference  between  the  length  of  the  days  and 
pights,    Jh^  a^qent  geogmphers  found  themselves  fpnsid^n^bly 
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iMnbirrass«d  in  tfaeir  aHeaipts  to  fix  theb^rlbem  trof^ ;  tot  dioiigb 
tbey  took  a  very  proper  method,  namely,  to  olMenre  the  niMt 
tiortheriy  phice  wh«re  objects  had  no  shadow  on  a  certain  <faj,  yet 
they  found  that  on  the  same  day  no  shadow  was  cast  for  a  space  of 
no  less  then  300  stadia*  The  reason  of  this  was,  the  apparent  dia^ 
meter  of  the  snn^  which,  being  about  half  a  degree,  seemed  to  extend 
himself  over  as  much  of  the  surface  of  the  earth,  and  to  be  Tertical 
every  where  within  that  space. 

When  the  sun  b  in  or  near  the  equator,  he  seems  to  change  his 
place  m  the  heavens  most  rapidly ;  so  that  about  the  equinoxes  one 
may  very  easily  perceive  the  difference  in  a  day  or  two  |  but  as  he 
approaches  the  tropics,  thb  apparent  change  becomes  gradually 
slower,  so  tliat  for  a  number  of  days  he  scarcely  seems  to  move  at 
all.  The  reason  of  this  may  easily  be  understood  from  any  map  on 
which  the  ecliptic  is  delineated ;  for  by  drawing  lines  through  every 
degree  of  it  parallel  to  the  equator,  we  shaH  perceive  them  gradually 
approach  nearer  and  nearer  each  other,  untfl  at  last,  when  we  ap- 
proach the  point  of  contact  betwixt  the  ediptic  and  tropic,  they 
can  for  several  degrees  scarce^  be  distinguished  at  aU. 

From  an  observation  of  the  diversity  in  the  lengtii  of  the  days  and 
nights,  the  rising  and  setting  of  the  sun,  with  the  other  phenomena 
idready  mentioned,  the  ancient  geographers  divided  the  smfttce  of 
the  earth  into  certain  districts,  which  they  called  cliraates;  and  in* 
stead  of  the  method  of  describing  the  situation  of  plaees  by  their 
latitude  and  longitude  as  we  do  now,  they  contented  themselves 
with  mentioning  the  clinuite  in  which  they  were  situated. 

Thb  method  of  dividing  the  surfece  of  the  earth  into  cGnates, 
though  now  very  much  disused,  has  been  adi^ted  by  several  mo- 
dem geographers.  Some  of  these  begb  their  dhnates  at  the  equator, 
reckoning  them  by  the  increase  of  half  an  hoor  in  the  length  of  the 
day  northward.  Thus  they  go  on  till  they  come  to  die  polar  circles, 
where  the  longest  day  b  twenty-four  hours:  betwixt  these  and  the 
poles  they  eount  the  climates  by  the  increase  of  a  natural  day  in  tie 
.  length  of  time  that  the  sun  continues  adiove  the  horixon,  unt^  they 
come  to  one  where  the  longest  day  is  fifteen  of  ours,  or  half  a  month ; 
and  from  thb  to  the  pole  they  count  by  the  increase  of  half-months 
or  whole  months,  the  climates  ending  at  the  poles  where  the  days  are 
six  months  long.  The  cHmates  betwixt  the  equator  and  the  pdar 
i^cies  are  caHed  hour^dbnates,  and  those  between  the  polar  6u:ks 
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•adthepoie&afetalkdnMiiCfc-cliiBites.  iBcammoiilaiigiuige^liov* 
ever,  we  take  the  word  climate  ia  a  very  different  sense ;  so  Ihat 
wfaen  two  countries  aie  said  to  be  in  different  cliniites,  we  under- 
stand oidy  tiiat  the  temperatore  of  the  air,  seasons,  6cc*  are 
difierfot. 

From  the  diiference  in  the  length  and  positions  of  the  shadows  of 
tertestriai  sobstances,  ancient  geographers  have  given  di&rent  t^rns 
to  the  inhabitants  of  certain  places  of  the  earth :  the  reason  of  which 
win  be  easily  underwood  from  the  fc^owmg  considerations:  1.  Since 
the  son  in  his  apparent  annual  revolution  never  removes  fiirth^r  from 
the  equator  than  23^  degrees,  it  follows,  that  none  of  those  who  live 
witiiont  that  space,  or  beyond  the  tro|Hcs,  can  have  the  Inmioary 
vertical  to  them  at  aagr  season  of  the  year.  2.  AH  who  live  betwc;en 
the  tropics  have  the  sun  vertical  twice  a  year,  though  not  all  at  the 
same.thne.  Thus,  to  those  who  live  directly  under  the  equator,  he 
is  directly  vertical  in  March  and  September  at  the  time  of  the  equi* 
nox.  If  a  place  b  in  10°  north  latitude,  the  sun  is  vertical  when  he 
has  K/' north  dedim^n,  and  so  of  every  other  place.  3.  All  who 
live  between  the  tropics  have  the  sun  at  noon  sometimes  north  and 
sometimes  south  of  tliem«  Thus  those  who  live  in  a  place  situated 
in  2(Cf  north  latitude  have  the  smi  at  noon  to  the  northward  when  he 
has  more  than  20""  north  dedinatioo,  and  to  the  soutfawaid  when  he 
has  less.  4%  Such  of  the  inhabitauts  oi  the  earth  as  live  without  the 
tnqncs,  if  ui  the  northern  hemisphere,  have  the  sun  at  noon  to  the 
southward  of  them,  but  to  the  nortliward  if  in  the  southern  hemip 
sphere. — ].  Hence  when  the  sun  is  m  the  zenith  of  any  place,  the 
shadow  of  a  man  or  any  upright  object  fiedb  Meetly  upon  the  phce 
Mhere  they  stand,  and  conseqoentiiy  is  invisible ;  whence  the  inhabit 
^nts  of  such  places  were  called  Ascii,  or  without  shadows.  12.  Those 
mho  live  between  the  tropics,  and  have  the  sun  sometimes  to  the 
•north  and  sometimes  to  the  south  of  them,  have  of  consequence  thefe 
ehadows  projecting  north  tt  some  seasons  of  the  yenr,  and  south  at 
others,  whence  they  were  called  Amphiscii,  or  having  two  kmds  of 
shadows,  a.  Those  who  live  without  the  tropics  lyave  thefr  noon- 
iihadows  always  the  same  way,  and  are  tha^fore  cdkd  Heteroscii^ 
that  is,  having  only  one  kind  of  shadow.  If  they  be  in  north  h^ 
tnde,thc  shadows  are  i^ays  tamed  towards  die  north,  and  if  in  the  . 
•ootbem  hemisphere,  towards  the  south.  4.  When  aplaoe  is  so  far 
distant  from  4te  equator  that  the  days  am  twenty*fi>ur  hours  long^ 
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or  longer,  die  bbabitanti  were  called  Periacn,  bteause  their  shadaws 
tttfn  roood  tbeni* 

Names  have  liicewise  been  imposed  upon  the  inhabitants  of  dif* 
feivnt  parts  of  the  earth,  from  the  parallels  of  latitude  aoder  which 
they  live,  and  their  situation  with  regard  to  one  another.  1.  Those  who 
lived  at  distant  places,  but  under  the  same  parallel,  have  been  called 
Perittd,  that  is,  living  under  the  same  circle.    Some  writers^  how- 
ever, by  the  name  of  Periseci  distinguish  those  who  live  under  oppo* 
site  points  of  the  same  parallel,  where  the  noon  of  one  is  the 
mididght  of  the  other.     2.  When  4wo  places  lie  under  panUleb 
equally  distant  from  the  equator,  but  in  opposite  hemispheres,  the  in* 
habitiMits  have  been  called  Antaeci.  These  have  a  sunilar  increase  of 
days  and  nights,  and  similar  seasons,  but  in  opposite  months  of  the 
year.  According  to  some,  the  Antsci  are  such  as  live  under  the  same 
geographical  meridian,  and  have  day  and  night  at  the  same  time.  3.  If 
two  places  be  in  parallels  equally  distant  from  the  equator,  and  in  op- 
posite meridians,  the  inhabitants  have  been  denominated  Antipodes, 
that  is,  persons  having  their  feet  opposite  to  one  another.    When 
two  persons  are  Antipodes,  the  zenith  of  the  one  is  the  nadir  of  the 
other.    They  have  a  like  elevation  of  the  pole,  but  it  is  of  different 
poles ;  they  have  also  days  and  nights  alike,  and  similar  seasons  of 
the  year,  but  they  have  opposite  hours  of  the  day  and  night,  as  well 
as  seasons  of  the  year.    Thus,  when  it  is  mid^day  with  us,  it  is  mid* 
night  with  our  Antipodes ;  when  it  is  summer  with  us,,  it  is  winter 
with  them,  &c. 

From  the  various  appearances  of  the^un,  and  the  effects  of  his 
light  and  heat  upon  different  parts  of  the  earth,  the  division  of  it 
hito  soneshas  arisen.    These  are  five  in  number.     I.  The  torrid 
^ne,  lying  between  the  two  tropics  for  the  space  of  4^''  of  latitude. 
This  is  divided  into  two  equal  parts  by  the  equator.    £•  The  two 
temperate  zones  lie  between  the  polar  circles  and  the  tropics,  conr 
taining  a  space  of  48'*  of  latitude.    And,  S.  The  two  frigid  zones 
lie  between  the  polar  circles  and  the  poles.    In  these  last  the  long* 
est  day  is  never  below  twenty-four  hours ;  in  the  temperate  zones  it 
k  never  quite  so  much,  and  in  the  torrid  zone  it  is  never  above  four- 
teen.   The  zones  are  named  from  the  degree  of  heat  they  were 
supposed  to  be  subjected  to.    The  torrid  tiom  was  supposed  by  the 
ancients  to  be  uninhabitable,  on  account  of  its  heat ;  but  this  is  now 
found  to  be  a  mistake,  and  D|any  parts  of  the  temp^^rate  sonea  ^u:^ 
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more  intolerable  in  this  respect  than  the  torrid  zone  itself.  Towards 
the  polar  circles  abo  these  zones  are  intolerably  cold  during  the 
winter  season.  Only  a  small  part  of  the  northern  frigid  zoiie>  and 
none  of  the  southern,  is  inhabited.  Some  geographers  reckoned 
six  zones,  dividing  the  torrid  zone  into  two  by  the  equator. 

Beside  these,  there  are  other  technical  terms  belonging  to  geo- 
graphy which  it  is  necessary  to  exj^ain :  some  of  these  have  relation 
to  the  earth,  and  others  to  the  water. 

A  oontinent  is  a  large  portion  of  the  earth,  which  comprehends 
several  countries  that  are  not  separated  by  any  sea ;  such  are  Europe, 
Asia,  Africa>  and  America.  An  island  is  a  part  of  the  earth  which 
is  entirely  surrounded  by  water ;  as  Great  Britain*  A  peninsula  is  a 
tract  of  land  almost  surrounded  with  water>  and  is  joined  to  a  conti- 
nent only  by  a  narrow  slip  or  neck ;  such  is  the  Morea  in  Greece* 
An  isthmus,  or.  neck  of  land,  is  that  part  by  which  a  peninsula  ia 
joined  to  a  continent,  or  two  continents  together ;  as  the  isthmus  of 
Suez,  which  joins  Africa  to  Asia.  A  promontory,  or  cape,  is  a 
high  part  of  land  which  stretches  into  the  sea:  thus  the  Cape  of 
Good  Hope  is  a  promontory.  An  ocean  is  a  vast  collection  of  waters 
surrounding  a  considerable  part  of  a  continent ;  as  the  Atlantic 
A  sea  b  a  smaller  collection  of  waters ;  as  the  Black  3ea.  A  gulf  is 
a  part  of  the  sea  which  is  nearly  surrounded  with  land  ;  as  the  gulf  of 
Venice.  A  bay  has  a  wider  entrance  than  a  gulf;  as  the  Bay  of 
Bbcay.  A  strait  is  a  narrow  passage  that  joins  two  seas;  as  the 
Strait  of  Gibraltar,  which  joins  the  Mediterranean  to  the  Atlantic 
A  lake  is  a  large  collection  of  water  entirely  surrounded  by  land, 
having  no  visible  communication  with  the  sea ;  as  the  Windermere,  in 
Cumberland.  A  river  is  a  large  stream  of  water  that  has  its  source 
from  a  spring,  which  keeps  constantly  running  till  it  falls  into  some 
wider  river,  or  into  the  sea. 

In  a  popular  point  of  view,  geography  admits  of  three  divisions : 
1  •  The  ancient  or  classical,  which  describes  the  state  of  the  earth, 
not  extendmg  farther  than  the  500th  year  of  the  Chrbtian  sera. 
2.  That  of  the  middle  ages,  which  reaches  to  the  fifteenth  century, 
whep  the  discoveries  pf  the  Portuguese  began  to  lay  broader  foun- 
dations for  t|)is  science.  3.  Modern  geography,  the  chief  object  of 
which  b  to  present  the  most  recent  and  authentic  Information  con* 
cerniQg  the  nations  and  states  which  divide  and  diversify  the  earth* 
In  soin^  instances  natural  barriers  have  divided^  and  continue  to 
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dinde,  nations ;  bnt  in  gmeial  tiw  boandaries  are  affhitnwy,  ao  that 
lb€  natural  geography  of  a  country  may  be  regaided  as  a  iM|ii(el  to 
tbo  science,  wbich  is  chiefly  occupied  m  <foscribing  the  covefsilies 
of  nations,  and  the  conditions  of  tile  vMions  races  of  mankind. 

The  ancients  considered  the  globe  nuder  the  thpse  grand  divisions 
of  Asia,  Europe,  and  Africa.  Here  the  distinctions  wore  aibibnry, 
astbey  ofon  included  Egypt  under  Asia,  and  they  had  not  disco* 
vered^the  limits  of  Europe  toward  the  nortb«east.  Medem  disco* 
imries  have  added  a  fourth  division,  that  #f  America,  whaeh  exceed* 
ittg  even  Asia  in  size,  might  have  been  admitted  under  two  grand 
and  distinct  denominations,  limited  by  the  ktbnws  of  Darieu*  TiN 
vrithin  these  last  thirty  years  it  was  supposed  that  a  vast  continent 
existed  in  the  south  of  the  globe ;  but  the  second  navigation  of 
eaptmn  Cook  dispelled  the  idea,  and  den^onstrated,  that  if  any  con* 
linenl  existed  there,  it  must  be  in  the  uninhabitable  ice  of  the  south 
pole.  The  vast  extent  of  New  Holland  rewarded  the  views  of 
ei^rprise;  this,  which  seems  too  large  to  be  classed  among  islands^ 
has  been  ranked  as  a  fifth  division  of  the  globe  by  various  gi^ 
graphers  of  the  present  day,  and  distinguished  by  the  name  of 
jiusiTMlasia,  which  term,  however,  includes  also  the  encircling 
iskmds. 

Of  die  grand  divisions  of  the  earth,  Asia  has  evor  been  esteenied 
Ae  most  populous ;  and  is  supposed  to  contam  five  hundred  millions 
of  souls,  if  Chma,  as  has  been  avei^red  by  tlie  latest  writers,  com- 
prises three  hnndied  and  thirty  millions.  The  population  of  Africa 
may  be  estimated  at  thirty  millions,  of  America  at  twenty  tnittions, 
and  one  hundred  and  fifty  millions  may  perhaps  be  assigned  to 
Europe. 

Modern  discoveries  have  evinced  that  more  than  two*thu:ds  of  the 
globe  is  covered  with  water,  which  is  contained  m  hollow  spaces,  or 
concavities,  more  or  less  large.  But  the  chief  convexities  or  protu- 
berances of  the  globe  consist  of  elevated  uplands,  sometimes 
crowned  by  mountams,  sometimes  rather  level,  as  the  extensive  protu- 
berance of  Asia.  In  either  case,  long  chains  of  mountains  commonly 
proceed  from  those  chief  convexities  in  various  directions,  and  the 
principal  rivers  usually  s|»mg  from  the  most  elevated  grounds. 

The  grandest  concavity  of  this  gldb«  is  filled  by  the  Pacific  Ocean; 
occupyii^  pearly  half  its  sur&oe  from  the  eastern  shores  of  New 
HoUimd,  to  tiie  western  coast  of  America,  and  diversified  with  seve- 
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itri  groups  of  islatkls^  Which  seem  in  a  manner  the  summits  of  va^ft 
mountains  emei^ing  from  the  waves.  This  ocean  receives  but  few 
rivers,  the  chief  being  the  Amur  from  Tartaiy,  the  Hoan  Ho  tmd 
Ktan  Ku  from  Cliina^  while  the  principal  rivers  of  America  run 
towards  the  east. 

Next  to  this  in  magnitude  is  the  Atlantic,  between  the  Old  and 
New  Continents ;  and  the  third  is  the  Indian  Oceab.  Hie  seas  be* 
tween  the  arctic  and  antarctic  circles  and  the  poles,  have  been  some-* 
times  styled  the  Arctic  and  Antarctic  Oceans ;  but  the  latter  is  only 
acontinnation  of  the  Pacific,  Atlantic,  and  Indian  Oceans ;  while  the 
Arctic  Sea  is  partly  embraced  by  continents,  and  recdves  many  im« 
portant  rivers.  ~  Besides  these>  there  are  other  seas  more  minute,  as 
the  Mediterranean,  the  Baltic,  and  others  still  smaller^  till  we  come 
by  due  gradation  to  ihland  lakes  of  fresh  water« 

The  coursed  of  riVers  are  sometimes  marked  by  oblong  concavr^ 
ties,  which  generally  at  first  intersect  the  higher  grounds,  till  the  de* 
clivity  l)ecomes  more  gentle  on  then:  approach  to  their  inferior 
receptacles.  But  even  large  rivers  are  found  sometimes  to  spring 
from  lowland  marshes,  and  wkid  through  vast  plains,  unaccompanied 
by  any  concavity,  except  that  of  their  unmediate  course ;  while  on 
the  other  hand,  extensive  vales,  and  low  hollow  spaces,  frequently 
occur  destitute  of  any  stream.  Rivers  will  also  sometimes  force  a 
passage  where  nature  has  erected  mountains  and  rocks  against  It,  and 
where  the  condavity  Would  appear  to  be  in  anotlier  dnrection,  which 
the  river  might  have  gained  with  more  ease.  In  like  manner, 
though  the  chief  mountains  of  Europe  extend  in  a  south-easterly 
and  noith-Westeriy  direction,  y^  there  are  so  many  exceptions,  and 
Mch  tramerons  and  important  variations  in  other  parts  of  the 
globe,  as  to  render  any  ttttempt  at  i general  theory  vain. 

From  the  vast  expanse  of  oceanic  waters,  arises  in  the  ancient  he- 
mspliere,  that  wide  continent,  which  contains  Asia,  Europe,  and 
Africa ;  and  in  the  modern  bemisphere,  the  continent  of  America, 
wfcitii  forms  a  kind  of  separate  island,  divided  by  a  strait  of  <the  sea 
firom  the  ancient  continent.  In  the  latter  many  discoveries  of  g#etf t 
importasice  to  geograpAiy,  are  of  very  recent  date,  and  it  is  ndt 
4i>eive  sixty  years  since  ire  ol^tained  an  imperfect  idea  of  the  extent 
of  Siberia  'and  the  Russian  empire,  nor  above  twenty-five  since 
"ample,  real,  and  accurate  knowledge  of  these  wide  regions  began  to 
be  diffused.  So  that,  in  truths  America  may  be  said  to  have  been 
discovered  by  Europeans  before  many  parts  of  Asia;  and  of  Africa 
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our  knowledge  continues  imperfect,  while  the  latest  obsenpatioiii» 
instead  of  diininishing»  rather  increase  our  idea  of  its  extent,  at 
least  in  regard  to  its  insular  appendages. 

,  But  the  grandest  division  of  the  ancient  continent  is  Asia,  the  pa« 
rent  of  nations,  and  of  civilization :  on  the  north-east  and  south, 
surrounded  by  the  ocean ;  but  on  the  west,  divided  by  an  ideal 
line  from  Africa ;  and  from  Europe  by  boundaries  not  very  strongly 
impressed  by  the  hand  of  nature.  The  Russian  and  the  Turkish 
empires,  extending  over  large  portions  of  both  continents,  intimately 
connect  Asia  with  Europe.  But  for  the  sake  of  clearness  and  pre- 
cbion,  geographers  retain  the  strict  division  of  the  ancient  contiaent 
into  three  partj^i,  which/if  not  strictly  natural,  is  ethical,  as  the  man- 
ners of  the  Asiatic  subjects  of  Russia,  and  even  of  Turkey,  di£fei 
considerably  from  those  of  the  European  inliabitants  of  those 
empues. 


CHAP.  VI. 

SUBTERRANEAN  PHiENOMENA  OF  THE  GLOBE^ 


JLT  is  only  the  mere  surface  or  solid  crust  of  the  globe  of  which  the 
ingenuity  of  man  bas  hitherto  been  able  to  obtain  any  degree  of 
knowledge :  of  the  centre,  or  even  the  parts  below  the  surface, 
we  are  totally  ignorant.  So  iar,  however^  as  we  have  been  able  to 
examine  into  the  nature  of  its  contents  and  structure  by  means  of 
rivers,  ravines,  miues^  earthquakes,  and  other  causes,  it  consists  of 
Immense  masses  of  rocks  and  veins ;  of  volcanoes  and  other  caverns; 
of  wells,  streams,  and  peculiar  exhalations ;  of  metallic  mines  aod 
petrified  fossils  ;  and  of  whole  towns  and  forests  subverted  and  in  a 
state  of  ruins.  T^  each  of  these  we  shall  direct  the  reader's  atten* 
tion  in  the  subsequent  chapters  of  the  book  before  us,  and  nearly  ui 
the  order  in  which  we  have  thus  enumeiated  them,  and  shall  at  the 
same  time  take  a  glance  at  whatever  else  nray  incidentally  ooeta  to 
us,  whether  of  natural  or  artificial  origin,  that  from  its  form,  rarity, 
or  any  other  circumstancei  may  be  an  object  worthy  of  general  al- 
tention.«-jSJi^or. 
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jL  he  stony  masses  of  which  the  eartli,  as  far  as  we  know  it,  is 
composed,  are  numerous,  and  they  are  found  laid  one  above 
another ;  so  that  a  rock  of  one  kind  of  stone  is  covered  by  another 
qpecies  of  rock,  and  this  by  a  third,  and  so  on.  Now  in  this  superpo<* 
sition  of  rocks  it  has.  been  observed,  that  their*  situation  is  by  no 
means  arbitrary ;  every  one  occiq>ies  a  determinate  place,  so  that  they 
follow  each  other  in  regular  order  from  the  deepest  part  of  the 
earth's  crust,  which  has  been  examined,  to  the  very  surfa^.  Thus 
there  are  two  things  respecting  rocks  which  claim  our  attention; 
namely,  their  composition,  and  theur  relative  situation.  But  besides 
the  rocks  which  constitute  almost  the  whole  of  the  earth's  crust, 
there  are  masses  which  must  also  be  considered.  These  traverse 
the  rocks  in  a  different  direction,  and  are  known  by  the  name  of 
ydns,  as  if  the  rocks  hM  split  asunder  in  different  places  from  top 
to  bottom,  and  the  chasm  had  been  afterwards  filled  up  with  the 
matter  which  constitutes  the  vein. 

Thus  it  appears,  that  when  we  consider  compound  minerals,  or 
rocks,  the  subject  naturally  dividejB  itself  into  three  parts;  namely, 
!•  The  structure  o|^  rocks;  2.  The  situation  of  rocks;  3.  Veins. 
These  shall  form  th0  subject  of  the  three  following  sections. 

Sect.  h—Of  the  Structure  of  Rocks. 

Rocks  may  be  divided  into  two  classes ;  viz. 
L  Simple,  orcomposedof  one  mineral  substance. 
II.  Compound,  or  composed  of  more  than  one;  mineral  sub* 
stance. 
Compound  rocks  are  of  two  kinds ;  namely, 
'   I.  Cemented ;  composed  of  grains  agglutinated  by  a  cement,  as 
sand-stone* 
II.  Aggregated;  composed  of  parts  connected  together  without 
a  cement,  as  granite. 
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The  aggregalid  rocks  are  likewise  of  two  b'nds ;  nanielj^ 

I.  Ipdetermiiiate. 

Only  one  instance  of  thb  kind  of  aggregation  has  hitherto  occur- 
redy  nameljr  in  the  older  serpentine,  where  limestone  and  serpei^me 
are  so  conjoined,  that  it  is  diflScuit  to  say  which  predominates. 

II.  Determinate. 

The  determinate  are  either^  I.  Single  aggregated;  or,  IL  DouUe 
«gg^cgated. 

There  ate  four  kinds  of  dingle  aggvegaled  rodcs ;  namely, 
!•  Oranulair )  composed  of  gi^iihs  wtiose  length,  breadth,  and  tbiDlh 
ness  are  nearly  alike,  and  which  are  of  oontemponitteoniir* 
mation.    As  greauie,  swdle* 
'%  Slaty ;  composed  of  plates  laid  above  each  other;  as  mica  ikM^ 

3.  Porphyritic ;  composed  of  a  compact  ground,  coirtauaBg  In  It 

crystals  which  appear  to  hare  been  deposited  at  Aetiuefbe 
rock  was  formed ;  as  tommen  porphyry, 
'4.  Amygdaloidal ;  composed  of  a  <«mpact  ground,  coritaioiiig  in  it 
Testes  which  appear  to  liaTe  been  afterwards  BIkd  lq|i$  as 
omygdMd. 
There  are  five  kinds  of  doii&Ie  aggrogated  rocks  ;  tnmeiy, 
1.  Granular  «^ty ;  ooilnposed  of  slaty  masses  laid  on  each  ether. 
'         E^Fety  individual  slate  Is  composed  of  ^rafins  cohering  togDlhsr; 
~      -or  itis  skity  in  the  greati  adi  grantilar  in  the  small  >  a^a^ifi. 
S.  Slaty  granular  $  composed  of  large  granular  massos  coberidg  It- 
gether  |  eacii  gnrin  is  composed  of  plates  ^  ot  thie  tdck  «  gia- 
nular  in  the  great,  anfl  slaty  in  the  smstll ;  as  f0pQt  roik 
3*.  Granular  porphyritic  5  grstnular  in  the  sniff},  and  porpbyriticla 
the  great ;  as  granite,  greenstone  fre<|uen^y. 

4.  Slaty  porphyritic ;  slaty  in  the  4maM,  porphyritic  in  the  great  > 

as  mica  slate  frequently. 

5.  Porphyritic  and  amygdabidal ;  a  mass  porphyritic  aod  amygdi- 
•      loidal  at  the  same  time ;  as  umygdaloi^  ^nA  iutali  fVequeotfy. 

Such  are  the  different  kmds  of  istructores  of  vodts  hithert^ob- 
served  and  described.  The  following  Table  will  ^ve  the  reader  a 
synoptical  view  of  these  different  kinds  of  st^cture  t 

I.  Simple  rocks 

II.  Compound  rocks 
A.  Cemented 
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B*  Aggregated 
a*  lodetermiiiate 
^.  Deteimioate 
I.  Single 
1.  Granukr 
3.  Slaty 

3.  Porphyritic 

4.  Amygdaloidal 
ILOovUe 

1.  Graoular  sfaty 

2.  Slaty  granular 

3.  Granular  porphyritic 

4.  Slaty  porphyritic 

5.  Porphyritic  and  amygdaloidal 

Sect.  JL-^O/ihe  relative  Situation,  of  Bocks. 

The  rotky  masses,  or  rocks,  hitherto  observed,  amount  to  about 
sixty.  Of  these  rodcs,  variously  placed  over  each  other,  the  whole 
crust  of  the  earth  is  composed^  to  the  greatest  depth  that  the 
mdustry  of  man  has  been  able  to  penetrate ;  and  with  respect  to  each 
other,  they  occupy  for  the  most  part  a  determinate  situation,  which 
holds  invariably  in  every  part  of  the  earth.  Thus  lime-stone  b  no 
where  found  under  granite,  but  always  above  it.  Were  we  to  sup* 
pose  every  particular  rock,  or  layer^  which  constitutes  a  part  of  the 
earth's  surface  to  be  extended  round  the  whole  earth,  and  to  be 
wrapped  round  the  c^tral  nucleus,  like  the  coat  of  an  onion,  in 
that  case  every  rock  would  be  constantly  found;  one  species 
vrouid  be  always  lowest  or  nearest  the  centre  |  another  .species 
would  uniformly  rest  upon  this  first;  a  third  upon  the  second,  and 
so  on.  Now,  though  the  rocks  do  not  in  reality  extend  round  the 
earth  in  this  uninterrupted  manner;  though,  partly  from  the  in- 
equality of  the  nudeus  on  which  they  rest,  partly  from  their  own 
inequality  of  thickness  in  difierent  places,  and  partly  from  other 
causes,  the  contmuity  is  often  interrupted  ;  yet  still  we  can  trace 
enough  of  it  to  convince  ut  that  the  rocks  which  constitute  the 
earth's  crust,  considered  in  a  great  scale,  are  every  where  the  same, 
and  that  they  invariably  occupy  the  same  situation  with  respect  to 
each  other.  Werner  has  thereifore  chosen  this  relative  situation  as 
the  basis  of  hb  classification  of  rocks.    He  divides  them  into  fiva 
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classes.  The  first  class  consbts  of  those  rocks  whieln  if  we  were  to 
suppose  each  layer  to  be  extended  over  the  whole  earthy  would  io 
that  case  lie  lowest,  or  nearest  the  centre  of  all  the  rooks  which  we 
know  to  be  covered  by  all  the  other  rocks.  The  secend  daas  con- 
sists  of  those  tocks  which  in  that  case  would  be  unmodiately  above 
the  first  class  and  cover  thera.  The  third  class  woold  cover  the  se- 
cond in  the  same  manner ;  the  fourth  the  third  j  and  the  fifth  would 
be  uppermost  of  all,  and  constitute  the  immediate  sarfaoe  of  the 
earth.  The  first  class  of  rocks  are  covered  by  aU  t^^  lest,  but 
never  themselves  lie  over  any  other.  The  others  lie  in  order  over 
each  other.  These  grand  classes  of  rodb  he  ha$  deuominated /or- 
maiions,  and  distinguished  them  by  the  fi^lowiog  s|ped6c  manesi 

I.  Primitive  formatiotis 

II.  Transition  formations 

IIL  Floetz,  or  horizontal  formations 

IV.  Alluvial  fminataDns 

V.  Volcsmic 

The  primitivie  $f)rmatidns  are  of  course  the  lowent  of  alU  and  die 
alluvial  conetttute  the  very  surface  of  the  earth ;  for  the  voloamc,  as 
is  obvious,  are  confined  to  particular  points.  Not  that  the  prioiitife 
are  always  at  a  great  d^Hh  under  the  soriace,  very  often  they  are 
at  the  siirfece>  or  eves  constitute  mountains.  la  such  cases,  the 
other  classes  of  fbrmatmos  are  wanting  altogether.  In  like  manner 
the  transition,  and  olher  farmations,  may  eao^  in  its  turn  occupy  the 
surface,  or  constitute  the  mass  of  a  mountara.  In  such  eases,  all  the 
subse^ent  formations  which  ought  to  cover  them  are.  wanting  in 
that  particular  spot. 

Each  of  these  grand  classes  of  fen&atioos  conflicts  of  a  greater  ei 
smalier  number  of  rocks,  which  occupy  adetarmina^  position  with 
respect  to  each  other^  and  which,  like  the  great  formatioDs  them- 
selves, may  often  be  wanting  ia  particuhir  pUiees.  Let  us  take  a 
view  of  the  rocks  which  compose  all  these  difierenl  formations. 

Ckss  I.  Primitive  Formations.  The  rodis  which  constitute  tite 
primitive  formations  are  very  numerous*  They  have  been  divided^ 
therefore  into  seven  sets,  which  constitute  as  many  priiMtiTe  for- 
jartations,  and  are  distmgtushed  each  by  the  nsmt  ^f  that  paitiouiac 
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rock  wbicb  coiistitttt€s  the  greatest  proportion  of  tiie  foioiatioD. 
These  seven  seb  of  primitive  formations  are  the  foUowipg ; 

1.  Granite  iJ5,  Newest  primitive  porphyry 

2.  Gneiss  t6.  Sienite 

3.  Mica-slate  7.  Newer  serpentine. 

4.  Clay-slate 

The  granite  is  the  undermosty  and  the  sienite  the  uppermost  of 
the  primitive  formations.  Granite  is  scarcely  mixed  with  any  other 
rock;  but  in  gneiss,  mica-slate,  and  clay-slate,  there  occur  bedi  f  of 
old  porphyry,  primitive  trap,  primitive  lime«stone,  old  serpentine, 
quartz  rock.  For  that  reason  these  rocks  are  said  to  constitute 
tonai^ons  subordinate  to  gneiss,  mica-slate,  and  clay-slate.  Gyp- 
^ufii  #ccurs  in  beds  in  mica^slate,  and  old  flint-slate  occurs  in  the 
jame  way  in  cky-slate.  Hence  they  constitute  formations  subordi- 
nate to  mica  and  clay-slate.  Thus>  besides  the  seven  prmcipal  primi* 
tive  formations^  there  occur  s^en  subordmate  formations,  interspersed 
through  the  second^  third,  and  fourth  formations;  and  topaz  rock^ 
which  lies  over  gneiss  and  under  day-slate,  must  be  added  to  the 
list :  so  that  the  primitive  formations  altogether  {Gimount  to  fifteen. 

If  we  suppose  the  nucleus  of  the  earth  to  have  been  first  formed, 
and  the  formations  to  have  been,  afterwards  deposited  in  succession 
upon  Utts  nucleus^  k  will  follow  thaft  the  lowest  formation  is  the 
dMest,  and  tfaajt  the  formations  are  neiyel'  and  newer  "according  as 
4hey  appmach  tiie  sui&ce.  This  supposition  accounts  for  some  of 
the  names  given  to  the  primitive  formations.  That  porphyry,  fpr 
^esumple,  is  oonsiderad  as  the  oldest*  which  lies  lowest  down  in  the 
series  of  formatioos,  and  those  formations  of  porphyry  wWch  lie 
nearer  thesor&ce  are  considered  us  oewer.  Granite,  of  course,  ac- 
cording to  this  way  of  faking,  is  the  oldestformaticm  of  all,  while 
dre  allttvtol  are  the  newest  of  all.  The  following  Table  exhibits  a 
^ooptioid  view  of  the  f^rknHive  focmatiot^ : 


♦  Wbcn  amwiiitalii  is  coniposed  of  layers  of  the  same  kind  of  stone,  it  is 
^)d  to  be  stratified ;  but  when  the  layers  are  of  different  .kinds  of  stogie,  it 
18  ^id  to  be  compo^d  of  bed?. 
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Priiici|MU  SabordimUe* 

1.  Granite 


6.  Older  porphyry 

7.  Primitive  trap 

8.  PrimitiTe  lime-stone 
g.  Older  serpentine 

10.  Quartz 

11.  Gypsum 
13.  Older  flinUlate 


3.  Gneiss 
3|.  Mica^latc 

4.  Topaz  fock 

5.  Clay^late 

13.  Newer  porphyry 

14.  Sienite 

15.  Newer  serpentine. 

Class  It.  TtansUhn  Formaiions.  Having  described  the  primitife 
formations,  let  us  now  proceed  to  the  second  great  class,  the  transi* 
tion,  which  lie  immediately  Over  them.  These  are  by  no  means  so 
nnmerousi  since  they  consbt  only  of  four  sets ;  namely, 

1.  Greywacke 

2.  Transition  Kme-stone 

3.  Transition  trap 

4.  Transition  flittt>sAate. 

tthey  an  alternate  with  &uih  othery  somethneft  one>  sometimes  an- 
other being  undermost,  eieqpt  one  bed  of  transition  lime<<tone, 
which  seeutf  always  to  rest  upon  the  primitive  formations,  and  nu^ 
therefore  be  considered  as  the  oldest  of  the  transition  fomntions. 

it  is  in  the  transition  rocks  that  petrifiictioBS  first  make  thrir  ap- 
pearance; and  it  deserves  partkular  attention  that  they  idways 
consist  of  species  of  corals  and  zoophyte^  which  do  not  at  prcMst 
exist,  and  which  therefoite  we  may  suppose  extinct.  The  vegetebk 
petrifactions  afe  Mlewise  the  fowest  in'  that  kingdom^  such  a»  ferns, 
&c  This  remarkable  circumstance  has  induced  Werner  to  con- 
clude, that  the  transition  rocks  were  formed  after  the  earth  contained 
organic  beings.  Hence  the  name  iroMiUioH,  which  be  has  imposed, 
as  if  they  had  beenfonned  when  the  earth  was  passing  from  an  nn- 
inhabited  to  an  inhabited  state.  The  dMe  of  their  formation  is 
conceived  tobe  very  ronote,  since  the  peti^tk>Bt  which  thqr  con- 
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tain  are  the  reniaias  of  animal  and  vegetable  species  now  extinct  It 
IS*  in  the  transition  rocks,  top,  ^ait  carbonaceous  matter  makes  its 
firm  af^peaiance  in  any  QOtadi>le  quantity. 

Class  III.  ftoeH  FormoHons.  The  next  grand  dass  of  formations 
have  received  the  name  oi  flofiHh  because  they  lie  usually  iu  beds 
much  more  nearly  horizontal  tha^  tlie  preceding^  When  not  co- 
Tered  by  a  succeeding  formation,  they  form  hills  which  do  not  rise 
to  the  same  height  as  the  primitive  or  transition.  They  contain 
abundance  of  petri^ctioos;  and  these  much  more  various  in  their 
nature  than  those  which  occyr  in  the  transition  formations,  consist* 
iag  of  shells,  fish,  plants,  &c.  indicating  ^hat  they  were  formed  at  a 
period  when  organized  beings  abounded. 

The  floetz  formations  lie  immediately  over  the  transition.  They 
comprehend  a  gre^t  number  of  individual  formations,  each  of  which 
affects  a  pafticular  situajtion,.  The  fpUowing  t^b^e  ejihibits  a  view  of 
these  di^feoent  fomui^ions  |n  tl^  orfd^r  of  the^  po^ition^  a9  iar  ^s  is 
knowUf 

1.  Old  red  sand-stone 

2.  First  floetz  lime-stone 

3.  First  floetz  gypsum  with  rock  salt 

4.  Variegated  sand-stone 
^.  Second  floet^  gypsupn 

5.  S^coMd  floetz  or  shell  lim.e-stpnp 

f  f  * 
7.  Third  sandrstpne  pjr  free^stpp^ 

*  ♦  f 

9.  Chafk 

•  •  f 

9.  Independent  coal 
10.  Floetz  trap. 

The  {position  of  the  two  formations  separated  from  the  rest,  and 
from  each  other,  by  asterisks,  has  not  been  ascertfiined  in  a  satis- 
ftctory  manner.  The  last  formation,  the  floetz  trap.  He*  pvcr  the 
rest,  pretty  muph  as  the  newer  porphyry  and  sienitje  do  oyer  the  oldei^ 
primitive  formations. 

Class  IV.  AUiivi(4  Formations.    The  alluvial  formations  consti- 
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tote  tbe  great  nmss  of  what  m  actaally  the  earth's  snffaee.  They  hare 
been  formed  by  the  gradual  action  of  rail  end  river  water  wpoa  the 
other  formations,  and  may  be  considered  as  very  recent  formations,  or 
rathier  as  deposites,  the  formation  of  which  is  still  constantly  going  on. 
They  may  be  divided  into  two  kinds :  those  deposited  in  the  val- 
leys of  monntainous  districts,  or  upon  the  elevated  plains  which? 
often  occur  jn  mountains ;  and  those  deposited  upon  fiat  landi 

Tbe  first  kind  consist  of  sand,  gravel,  &c.  which  constituted  the 
ittore  solid  parts  of  the  neighbouring  mountains,  and  which  remained 
when  the  less  solid  parts  were  washed  away.  They  sometimes  con- 
tain ores  (particulariy  gold  and  tm)  which  existed  in  the  neighbour- 
ing mountains.  Sometimes  the  alluvial  soil  is  washed,  in  order  to 
separate  these  ores.  On  mountain  plains  there  occur  also  beds  of 
loam. 

The  second  kind  of  alluvial  deposit,  or  that  which  occupies  tbe 
fiat  land,  consists  of  loam,  clay,  sand,  turf,  and  calctuff  *.  Here  also 
occur  earth  and  brown  coal  (in  this  mineral  amber  is  founds  wood 
coal,  bituminous  wood,  and  bog  iron  ore.  The  sand  contains  some 
metals,  among  others  gold.  The  calctuff  is  a  chemical  deposit  and 
extends  widely.  It  contains  plants,  roots,  moss,  bones,  &c.  which  it 
has  encrusted.  The  clay  and  sand  often  coivtain  petrified  wood,  and 
likewise  skeletons  of  quadrupeds. 

Class  v.  Volcanic  Formations.  The  volcanic  formations  are  of 
two  kinds ;  namely,  the  pseudo-vokanic  and  the  true  volcanic. 

The  pseudo-volcanic  consist  of  minerals  altered  in  consequence  of 
the  burning  of  beds  of  coal  situated  in  their  neighbourhood.  Por- 
celain jasper,  earth  slag,  burnt  qlay,  columnsir  clay*iron  stone,  and 
perhaps  also  polishing  slate,  are  the  minerals  which  have  been  thus 
altered* 

The  real  volcanic  minerals  are  those  which  have  been  thrown  out 
of  the  crater  of  a  volcano.  They  are  of  three  kinds ;  1.  Those 
substances  which,  having  been  thrown  out  from  time  to  time,  have 
formed  the  crater  of  the  mountain :  2.  Those  which  kUve  been 
thrown  out  of  the  crater  in  a  stream,  and  roiled  down  the  moun- 
tain; they  constitute  lavas:  3.  The  water  which  is  occasionally 
thrown  out  of  volcanoes,  containing  ashes  and  other  light  sub- 

«  Stalactitic  or  calcareous  tufa.^£jtror« 
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staaces,  giiuhially  «v«pontidg»  kaves  Ibe  earthy mttter  bebiod  it; 
Ibis  sttbslaiice  oonsttttttes  Tolcanic  tufF. 

Sect,  UL— Q/*  Feins. 

Yeios  are  n^Qeral  repositories  wliidi  cut  throngh  the  strata  ^r  beds 
of  whi^  a  moUDtain  is  composed^  sod  vi^iich  are  filled  witb  sub- 
•fiances  more  lor  less  different  fr^m  the  i^ocks  through  which  th^ 
pass.  We  sball  have  a  very  distinct  notion  of  ^^eins,  if  we  suppose 
"that  the  mountams  in  which  they  occur  were  split  by  aome  means 
•r  otber^  and  that  the  riiits  tbiis  formed  were  ^led  up  by  tlie  matter 
'Wbidi  constitutes  reins.  Tliey  are  distiogpisbed  from  beds  Ih^  tbeir 
.dnrectioii,  which  is  either  perpendicular  t#  the  straitifioations,  or  ftt 
least  forms  a«  angle  with  it. 

Sometimes  tite  strata  tbi*ough  wlitcb  veins  pass  are  nerriy  sepa- 
valed  from  eaich  otber ;  so  that  if  we  cut  tiirovgh  Ibe  vein  we  find 
•the  sane  strata  of  tlie  reck  on  both  sides  of  it ;  Init  sometimes  alao 
tbe  corresponding  stmita  on  «ne  ^id<e  are  It^fwer  than  on  4he  otber^  as 
if  the  portion  of  the  rock  on  one  side  of  the  vein  had  sunk  a  liHle» 
while  the  portion  on  the  other  side  kept  its  original  position,  Ii) 
such  cases,  the  side  off  the  rock  against  which  the  vein  lesAis,or  the  floor 
of  the  vdu,  has  always  its  strata  higlit^st  up ;  \i/hilst  the  strata  of 
tbeportioti  of  rock  i^4iich  leans  over  the  vein,  .or  the  redf  of  the 
vein,  are  diwayt  lowest*  So  that  this  is  the  portion  which  appears  to 
bave  sunk*  Stch  a  change  of  position  in  the  strata  is  known  in  this 
country  by  the  name  of  ai  ski/k. 

In  considering  veins,  there  are  two  circumstances  which  claim  our 
^tefiffioA :  namely,  1 .  The  shape  of  veins ;  and,  ?.  The  subedauces 
With  which  they  are  filled. 

1,  All  those  mhieralogists  who  httve  had  tiie  best  o{^rtnnity  of 
"fivamfihifig  Ihe  ^hape  of  veins  t^'ilh  GarTectness>  agviee  in  repmsentang 

then^  as  widest  above,  and  as  gradually  dimiubbing  in  siee  as 
they  deepien,  till  ^t  last  they  tetmintfte  m  a  point,  exactly  us  if  they 
bfld  been  origbrally  fissures.  This  is  llie  account  of  Oppel,  of  Wer- 
•  ner,  and  indeed  of  afll  fhpse  writers  who  have  been  pro^ssionaiiy  eti, 
gaged  bi  superintending  mines.  Som^imes,  itideed,  veins  widen  jq 
different  parts  of  their  course,  and  iafteiwards  coritraet  again  to  their 
fbrmer  «ize ;  bat  more  commonly  tbey  continue  diminisfaing  gradu- 
ally  to  their  extremity, 

2.  Sometimes  these  vems  are  either  partially  or  entirely  empty, 

.-       Y4 
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In  tfati  cue  tbey  are  deoomniated  JUsuretf  but  most  coimiMnily 
they  are  filled  with  a  matter  more  or  less  different  from  the  rodL 
through  which  they  pass.  Sometimes  the  vein  b  filled  up  with  one 
species  of  mmeraL  Thus  we  have  yeins  of  calcareons  qMir,  af 
qoartf,  &c« ;  bat  when  it  is  of  any  size,  we  frequently  find  a  variety 
of  substances :  these  are  disposed  in  Tegular  layers  ahvays  paralle)  to 
the  sides  of  the  vein,  and  they  follow  in  theur  position  a  very  regular 
order.  One  species  of  nuneral  constitutes  the  centre  of  the  vein: 
on  each  side  of  this  central  bed  the  very  same  layers  occur  in  the 
same  order  from  the  centre  to  the  sideof  the  vein.  To  give  an  ex- 
ample ;  the  vem  Gregorius,  at  Freyberg>  is  composed  of  nine  layers 
orbeds.  The  middleof  the  vein  consbts  of  a  layer  of  calcareous  spar; 
on  each  side  of  thb  is  a  layer  consisting  of  va^ous  ores  of  silver  mixed 
together ;  on  each  side  of  this  a  layer  of  brown  spar ;  on  each  side 
of  this  a  layer  of  gidena;  on  each  sideof  this  again,  and  contignoos 
to  the  side  of  the  vem,  b  a  layer  of  quartz.  The  following  sketch 
will  give  the  leader  some  notion  of  the  rektive  position  of  these 
layers: 
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Sometimes  the  number  of  layers  of  which  a  vem  b  composed 
greatly  exceeds  thb.  Werner  describes  one  in  the  district  of  Frey* 
berg,  in  which  the  middle  layer  is  calcareous  spar,  havmg  on  eadh 
side  of  it  no  leas  than  thirteen  layers  arranged  in  the  very  same 
order*. 

Almost  every  mineral  substance  which  occurs  in  the  mass  of  rocks 
has  been  found  in  vems.  We  sometimes  find  them  filled  wMh  dif- 
ferent well-known  stony  bodies.  Thus  vems  of  granite,  porphyry, 
lime-stone,  basalt,  wacke,  green-stone,  kc.  are  not  uncommon  t » 
veins  of  quartz,  clay,  felspar,  &c  are  equally  i 


«  Nouvelle  Theorie  de  la  Fdrmatioo  des  JPUo05,  p.  100. 
f  Werner,  Nonvelle  TheoHe,  p.  93. 
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Pk«coal  and  commoii  sdt,  and  almost  all  the  metals,  likemtfe 
oocar  10  veins.  Some  veins  are  filled  with  water-worn  pebhles,  as 
one  observed  bj  Werner  at  Joachimstahl  *•  Some  are  filled  with 
loam  f.  Nay,  they  even  sometimes  contain  petrifactions.  Thus  the 
Baron  de  Bora  describes  a  petrified  popites  which  he  saw  in  a  com- 
tlpact  cinnabar  vein  in  Hungary ;  and  Mr.  de  Scblottbeim  communi* 
cated  an  account  of  a  still  more  remarkable  appearance  of  the  same 
kind  to  Werner.  In  a  calcareous  mountain  inThuringia*  there 
occur  veins  of  marl  five  or  six  inches  thick*  containing  petrifactions 
difiering  altogether  from  those  which  are  found  in  the  lirae-stone. 
The  petrifactions  found  in  the  marl  are»  coraua  ammonis,  terebrates* 
and  turbioites;  while  those  that  occur  in  the  lime-stone  rock  are 
trochites.  Beds  of  the  marl  occur  in  the  neighbourhood ;  and 
these  beds  contain  the  same  petrifactions  that  are  found  in  the 
veins  t. 

3.  It  is  very  common  to  find  veins  crossing  each  other  in  the  same 
rock.  When  that  happens,  one  of  the  veins  may  be  traced  passing 
through  the  other  without  any  interruption*  and  cutting  in  two,  while 
the  other  always  separates*  and  disappears  at  the  point  of  crossing. 

4.  Such  is  a  ;short  sketch  of  the  most  remarkable  phenomena 
respecting  veins.  Werner  supposes  that  they  were  originally  fissures 
formed  in  the  rocks,  and  that  they  were  all  gradually  filled  by 
minerals  depositsd  slowly  from  above,  while  the  rocks  in  which  they 
occur  were  covered  by  water,  and  that  they  were  filled  at  the  same 
time  that  the  different  formations  were  deposited.  This  theory  he 
has  supported  in  his  book  on  Veins,  by  a  very  complete  enumeration 
of  all  the  drcumstances  respecting  their  structure  and  appearuices. 
He  has  shown  that  they  resemble  fissures  very  exactly  in  their  shape 
and  direction  |  and  that  as  they  contain  petrifactions  and  mmerals 
altered  by  the  action  of  water,  they  must  of  necessity  have  been 
filled  from  above» 

Vems  of  course,  according  to  this  theory,  are  newer  than  the 
rocks  in  which  they  occur;  and  when  two  veins  cross,  that  is  ob» 
viously  the  newest  which  traverses  the  other  without  interruption,  as 
the  fissures  constituting  the  second  vein  must  have  been  formed  after 

•  Werner,  Noovellc  Tbeorie,  p.  81. 
f  Ibid.  p.  82. 
f  Ibid.  p.  88. 
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tbe  fint  vein  was  filled  up.  When  diffimol  ytm  dontHiD  the  same 
minerals  arranged  in  tbe  sanie  order>  he  tonceives  that  they  were 
filled  at  the  same  time,  and  says  that  such  veins  belong  to  the  same 
ibrmation.  When  they  diflfer  in  these  respects^  they  belong  to  d^< 
rent  formations.  From  the  position  of  the  respective  veins  with 
fesped  to  each  other,  he  deduces  their  relative  age;  and  from 
this  draws  inferences  respecting  the  relative  age  of  the  different 
mineral  substances  that  occur  in  veins  similar  to  the  inferences 
drawn  respecting  the  age  of  the  rocks  which  constitute  the  grand 
classes  of  formations. 

[Thomson's  Sysiem  0/  Chetmstryy  Voh  IP.  occasiamali^  aiterfd,] 


CHAP.  VIII. 

VOLCANOES,  EARTHQUAKES,    AND   SUBTERRANEAN 
FIRES. 


X  HAT  fires  to  an  enormous  extent,  and  produced  by  various  causes, 
may  exist  at  diflfierent  depths  beneath  the  surface  of  the  earth,  must, 
we  think,  be  clear  tB  every  one  who  has  attentively  perused  the 
preceding  chapters  of  the  present  book :  and  we  have  much  reason 
to  believe,  from  a  very  curious  series  of  experiments  lately  coa- 
.  ducted  by  Sir  James  Hall,  that,  where  the  substances  in  which 
such  fires  occur  lie  profmmd,  and  are  surmounted  by  a  very  deep 
and  heavy  super-incumbent  pressure ;  aad,  more  especially,  where 
they,  at  the  lAme  time,  contain  large  portions  of  elastk  gasses;  tlie 
effects  of  such  fires  will  be  prodigiously  greater^  and  more  diver- 
sified, than  where  these  dkxrumstances  are  absent 

Earthquakes  and  volcanoes  may  be  reckoned,  for  the  most  part, 
amdng  the  most  powerfid  and  extraordinary  of  these  efibcts ;  and 
as  resulting  fVom  those  chemical  changes  which  the  agency  of  fire 
principally  produces  in  the  interior  of  the  solid  crust  of  the  globe. 
They  have,  probably,  little  lurther  eonuection  wiA  electricity  than 
a^  causes  that  occasionally  destroy  the  equilibrium  ;  for  although 
some  authors  have  inferred,  from  the  great  velocity  with  which  the 
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Aock  of  an  earthquake  is  transmitted  from  place  to  place>  that  its 
nature  must  be  electrical,  yet  others  have;  with  greater  probability, 
attributed  the  rapid  succession  of  the  ejects  to  the  operation  of  a 
^ngle  cause,  acting  like  subterranean  beat,  at  ^a  great  distance 
below  the  earth^s  surftce.  There  are,  however,  some  circum- 
srtainces  which  indicate  such  a  connexion  lietween  the  state  of  the  at« 
mosphere  and  the  approach  of  an  earthquake,  as  cannot  easily  be 
explained  by  any  hypothesis. 

•    The  shocks  of  earthquakes,  and  the  eruptions  of  volcanoes,  are 
in  all  probability  modifications  of  the  effects  of  one  common  cause; 
the  same  countries  are  liable  to  both  of  them ;  and  where  the  agi- 
tation produced  by  an  earthquake  extends  further  than  there  is  any 
teason  to  suspect  a  subterraneous  commotion,  it  is  probably  propa- 
gated through  the  earth  nearly  in  the  same  manner  as  a  noise  is 
Conveyed  through  the  air.    Volcanoes  are  found  m  almost  all  parts 
i>f  the  world,  but  most  commonly  in  the  neiglibourhood  of  the  sea ; 
and  e^cially  in  small  islands ;  for  instance,  in  Italy,  Sicily,  Ice- 
land, Japan,  the  Caribbees,  the  Cape  Verd  islands,  the  CatiaHes, 
and  the  Azores  :  there  are  also  numerous  volcanoes  in  Mexico  and 
Perti,  especially  Picbincha  and  Cotopaxi.    The  subterraneous  fires, 
tvhich  are  continually  kept  up  in  an  open  volcano,  depend  perhaps 
in  general  on  sulphureous  combinations  and  decompositions,  like  the 
beatmg  of  a  heap  of  wet  pyrites,  or  the  union  of  sulphur  and  iron 
fifings  :  but  in  other  cases  they  may  perhaps  apptoach  more  nearly 
to  the  nature  of  common  fires.   A  mountain  of  coal  has  been  burning 
in  Siberia  for  almost  a  century,  and  must  probably  have  undermined 
ni  some  degree  the  neighbouring  country.    The  immediate  cause  of 
an  eruption  appears  to  be  very  frequently  an  admission  of  water 
from  th^  sea,  or  from  subterraneous  reservoirs ;  it  has  often  hap- 
pened that  boiling  water  has  been  discharged  hi  great  quantities 
frdm  a  volcano  ;  and  the  force  of  steam  is  perhaps  more  adequate 
to  the  production  of  violent  explosions,  than  any  other  power  in 
nature.    The  consequence  of  such  an  admission  of  water,  into  an 
immense  collection  of  ignited  materials,  may  in  some  measure  be 
understood,   from   the  accidents  which   occasionally    happen  in 
founderies :  thus  a  whole  Airnace  of  melted  iron  was  a  few  years  ago 
dissipated  into  the  air  in  Colebrook  Dale,  by  the  effect  of  a  flood 
^hkb  suddenly  overflowed  it* 
The  phenomena  of  earthquAes  and  volcanoes  are  amply  illustrated 
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by  the  pai:ticu]ar  account^  transmitted  to  the  Hoytl  Society  by  Sir 
WilliaQi  HamiltoD,  of  those  whidi  have  happened  at  different  times 
io  Italy.  The  earthquake^  which  desoUited  Calabna,  in  1783, 
was  fatal  to  about  40>pOO  persons^  continuing  its  ravages  for  more 
than  three  months  ;  it  de^royed  the  towns  and  village  occupying 
a  circle  of  nearly  SO  miles  in  diameter,  lying  between  38  and  39 
degrees  latitude,  and  extending  alipost  Arom  the  west/em  to  the 
eastern  coast  of  the  southernmost  point  of  Italy,  besides  doing  con- 
siderable damage  to  places  at  much  greater  dbtancesfrom  its  origin, 
which  is  supposed  to  have  been  either  immediately  under  the  town 
of  Oppido,  in  the  centre  of  this  circle  ;  or  under  some  part  of  the 
sea,  between  the  west  of  Italy,  and  the  volcanic  i^and  of  Stromboli. 
Thb  island,  as  well  as  Mount  Etna,  had  smoked  less  than  usual 
before  the  earthquake,  but  they  both  exhibited  appearances  of  an 
eruption  during  its  continuance ;  Etna  towards  the  beginning,  and 
Stromboli  at  the  end.  Before  each  shock  the  clouds  were  usually 
motionless  for  a  certain  time,  and  it  ramed  violently  ;  frequently 
also  Ughtning  and  sudden  gusts  of  wind  accompanied  the  rain.  The 
principal  shocks  appeared  to  consbt  in  a  sudden  elevation  of  the 
ground  to  a  considerable  height,  which  was  propagated  somewhat 
like  a  wave,  from  west  to  east :  besides  this,  the  ground  had  also  a 
horizontal  motion  backwards  and  fuwards,  and  in  some  measure  in 
a  circular  direction.  This  motion  was  accompapied  by  a  loud  noise ; 
it  continued  in  one  instance  for  ten  seconds  without  intermission : 
and  it  shook  the  trees  so  violently  that  their  heads  nearly  reached 
the  ground.  It  affected  the  plams  more  strongly  than  the  hills. 
In  some  places  luminous  exhalations,  which  Sir  William  Hamilton 
thinks  rather  electrical  than  igneous,  were  emitted  by  the  earth; 
the  sea  boiled  up  near  Messina,  and  was  agitated  as  if  by  a  copious 
discharge  of  vapours  from  its  bottom  ;  and  in  several  places  water, 
mixed  with  sand,  was  thrown  up  to  a  considerable  height.  The 
most  general  eflfect  of  these  violent  coounotions  was  the  destruction 
of  buildings  of  all  kinds,  except  the  light  barracks  of  wood  or  of 
reeds,  into  which  the  inhabitants  retreated  as  soon  as  they  were 
aware  of  theur  danger :  the  beds  of  rivers  were  often  left  dry, 
while  the  shock  lasted,  and  the  water  on  its  return  overflowed  their 
banks  ;  springs  were  sometiities  dried  up,  and  new  pnfs  broke  out 
in  other  (Aaces.  The  hills  which  formed  the  sides  of  steep  vallies 
were  often  divided  by  deep  chasms  parallel  to  the  vallies;  and  m 
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many  cases  large  portions  of  them  we^  separated^  and  removed  bj 
the  teiAporary  deluge  to  places  half  a  mi}<e  or  a  mile  off;  with  the 
buildings  and  ttees  still  standing  on  them  ;  and  in  thb  manner  hills 
were  leTelled,  and  tallies  were  filled  up.  But  the  most  fatal  acci* 
dent  of  this  kind  happened  at  Scilla»  wh^re  so  large  a  portion  of  a 
cliff  was  thrown  into  the  sea^  that  it  raised  an  iiAmense  wave^ 
which  carried  off  more  than  2000  inhabitants  who  were  collected  oA 
the  beach,  and  even  extended  its  foiteidable  effects  to  the  opposite 
coast  of  Sicily,  where  several  persons  perished  by  it  hi  a  similar 
manner. 

The  eruptions  ofvolcanoes  are  usually  attended  by  sodie  shockn 
like  those  of  earthqwdieSf  although  commonly  less  violent.  Open 
volcanoes  continually  throw  out  in  more  or  less  abundance,  smoke, 
ashes,  and  pumice  stones,  or  light  cinders  ;  but  their  most  formi- 
liable  effects  are  produced  by  a  torrent  of  ignited  lava,  which,  like 
a  Ytat  deluge  of  liquid  or  semiliquid  fire,  lays  waste  tlie  country 
over  which  it  runs,  and  buries  all  the  works  of  human  art«  In 
March,  IfOj,  Vesuvius  began  to  throw  out  a  considerable  quantity 
of  ashcfs  and  stones,  which  raised  its  summit  in  the  course  of  the 
year  no  less  than  200  feet,  forming  first  a  little  mountain  of  pumice 
atones  withhi  the  crater,  which  by  degrees  became  visible  above 
its  margin.  The  smoke,  which  was  continually  emitted,  was  ren- 
dered luminous  at  night,  by  the  light  derived  from  the  fire  burning 
below  it.  In  August  some  lava  had  broken  through  this  mountain, 
and  in  S^tember  it  had  filled  the  space  left  between  it  and  the 
former  crater.  .  On  the  13tb  and  14th  of  October  there  were  heavy 
rains,  which  perhaps  supplied  the  water  concerned  in  the  eruption 
thatdiortly  followed.  On  the  morning  of  the  Jpth,  clouds  of 
smoke  were  forced,  in  continual  succession,  out  of  the  mouth  of  the 
volcano,  forming  a  mass  like  a  large  pme  tree,  which  was  lengthened 
into  an  arch,  and  extended  to  the  island  of  Caprea,  28  miles  off;  it 
was  accompanied  by  much  lightning,  and  by  an  appearance  of  me- 
teors like  diooting  stars.  A  mouth  then  opened  below  die  crater, 
and  discharged  a  stream  of  lava,  which  Sir  William  Hamilton  ven- 
tured to  approach  within  a  short  distance,  imagining  that  the  vio- 
lence of  the  confined  materials  must  have  been  ei^austed ;  but  on 
a  sudden  the  mountain  opened  with  a  great  noise  at  a  much  lower 
point,  about  a  quarter  of  a  mile  from  the  place  where  he  stood, 
and  threw  out  a  torrent  of  lava,  which  advanced  straight  towards 
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him,  while  he  was  involved  in  a  shower  of  small  pumice  stones  aii4 
ftshei,  aud  iu  a  cloud  of  smoke.  The  force  of  the  explosions  wa9 
m  great,  that  doors  and  windows  were  thrown  open  by  them  at  the 
distance  of  several  miles  :  the  stream  of  lava  was  in  some  places 
two  miles  broad,  and  to  or  70  feet  deep ;  it  extended  about  si^ 
miles  from  the  summit  of  the  mountain,  and  remaiued  hot  for  se- 
veral weeks.  In  1794  a  still  mo^e  violent  eruption  occurred  :  it 
was  expected  by  the  inhabitants  of  the  neighbourhood^  the  crater 
being  nearly  filled,  and  the  water  in  the  wells  having  subsided* 
Showers  of  immense  stones  were  projected  to  a  great  height ;  ao4 
ashes  were  tlirown  out  so  copiously,  that  they  were  very  thick  at 
Taranto,  250  miles  off ;  some  of  theifi  also  were  wet  with  salt 
water. .  A  heavy  noxious  vapbur^  supposed  to  l>e  carbonic  acid,  is- 
sued in  many  jpinces  from  the  earth,  and  destroyed  the  vineyarcls  in 
which  it  was  suffered  to  remain  stagnant.  A  part  of  the  tpwn  of 
Torre  del  Greco  was  overwhelmed  by  a  stream  of  lava,  whic|j^ran 
through  it  into  the  sea ;  yet  nothwitbstandiog  the  frequency  of  such 
accidents,  the  inhabitants  had  so  strong  a  predfiectiou  for  their 
native  spot,  that  they  refused  the  offer  of  a  safer ^situatbQ  for  re- 
building their  houses. 

[Editor,  Youngy Nat. PhU.   DellaTorrefJbtQnadflFefuvio\ 


CHAP.  IX. 

ERUPTIONS  OF  VESUVIUS. 


1  HERE  is  no  volcanic  mountain  in  Europe,  whose  desolating  pa- 
roxysms have  been  so  fatally  experienced,  and  so  accurately  trans- 
mitted to  us,  as  those  of  Vesuvius. 

This  mountain  is  well  known  to  constitute  one  of  the  natural 
wonders  of  the  kingdom  of  Naples.  Like  Parnassus,  it  has  been 
said  to  consist  of  two  summits,  one  of  which,  situated  in  a  westward 
direction,  is  called  by  (he  natives  Somma  ;  and  the  other,  running 
in  a  southern  line,  Proper  Vesuvius,  or  Vesuvio;  and  it  is  this  last 
alone  which  emits  6re  and  smoke.  The  two  hills  or  summits  are  sc« 
parated  by  a  valley  of  about  a  mile  in  length,  and  peculiarly  fertile 
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in  its  pnKlactions.  Tbe  eruptiotts  of  this  mountain  have  bees  lia- 
nierousin  almost  eve  17  age  of  the  Christian  ttra  ;  and  on  many  oc^ 
casions  prodigiously  destructive.  Froih  the  numerous  narrations 
to  which  they  have  given  rise,  we  shall  confine  ourselves  to  those 
that  are  most  awful  or  interesting. 

Sect.  I.^Destruciion  of  Pompeii  and  Herculaneum. 

Thb  earliest  and  one  of  the  most  fatal  eruptions  of  Vesuvius  thi^ 
occurs  to  us  in  history,  took  place  in  the  year  79  of  the  Christiau 
»ra»  and  the  first  of  the  reign  of  Titiis.  All  Campania  was  alarmed 
by  its  violence,  and  the  country  was  devastated  in  every  direction 
to  a  very  gre«^  distance ;  numerous  towns  with  the  whole  of  their 
inhabitants  were  consuaied,  and  among  the  rest,  the  elegant  cities  of 
Pompeii  and  Herculaneum^  the  ruins  of  which,  after  having  been 
utterly  overwhelmed  and  lost  for  more  than  sixteen  centuries,  were 
at  length  traced  out  by  accident ;  and,  so  far  as  they  relate  to  the 
latter,  have  been  explored  to  a  considerable  extent.  The  wreck  ol 
Herculaneum  was  discovered  in  \799f  and  was  rendered  accessible 
by  a  well  in  the  course  of  the  easuiug  year. 

Pompeii  had  suffered  severely  from  an  earthquake,  sixteen  yeara 
befove  the  eruptiow  of  79»  but  had  been  rebuilt  and  embellished 
with  several  stately  edifices ;  especially  with  a  magnificent  theatre^ 
in  wbicfa  the  people  were  assembled,  and  intent  upon  the  spectacle, 
when  this  tremendous  viaitatioa  burst  upon  them,  swallowing  up  the 
city  by  an  earthquake,  and  overcovering  its  site  to  a  considerable 
depth  with  the  fiery  materials  that  were  thrown  forth  from  the 
mouth  of  the  crater.  The  cities  of  PuteoU  and  Cumfe  were 
also  greatly  damaged,  partly  by  the  concussions,  and  partly  by  the 
bureing  ashes,  which  last,  according  to  the  concurrent  assertion  of 
^ancient  historians,  extended  to  Africa,  Egypt  and  Syria,  and  at 
Rome  turned  the  day  suddenly  into  night,  to  the  consternation  of  the 
inhabitants.  It  was  during  this  eruption,  that  the  elder  Pliny  fell  a 
victim  to  sufecatioB,  the  poet  Cesius  Bassus  and  his  household  were 
consumed  by  the  tflaeies^  and  Agrippa,  son  of  Claudius  Felix,  the 
well-kttowii  governor  of  Jud«ea>  and  of  Drusila,  daughter  to 
Agrippe,  the  last  king  of  the  Jews,  perished  m  his  youth  as,  we  are 
toU  by  Joaephua;  though  the  passage  of  this  writer  in  which 
be  refers  for  a  mote  particular  account  of  his  death,  is  no  leiifer 
extant. 
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The  earliest  of  the  eniptioos  of  Vesuvius  of  which  we  have  any 
narrative,  b  so  exquisitely  and  impressively  related  hy  the  younger 
Pliny » in  two  letters  to  his  friend  Tacitus  the  historian,  that  it  has 
heen  rendered  almost  as  celebrated,  from  thb  fine  and  touching 
description,  as  on  account  of  the  extent  of  the  calamity  itself. 
But  though  this  description  is  the  earliest,  we  are  not  to  conclude 
that  no  eruption  had  ever  taken  place  antecedently.  Neither 
Pliny  not  l^icltiUi  hint  at  any  thing  to  this  effect,  nor  express 
the  smallest  surprise  at  the  phseoomenon,  which  they  uiidoubt* 
ediy  would  have  donci  had  it  beeu  the  first  of  the  kind.  One  of  the 
earliest  we  meet  with  in  hbtory,  next  to  that  narrated  by  Pliny,  is 
comparatively  in  our  bwn  times;  it  occurred  in  16SB,  and  formed 
the  cratet  neat  Pozzicoli,  which  has  received  the  name  of  Momie 
Nuovo.  Curiosity  led  many  persons  to  look  into  this  crater  a  few 
days  after  the  eruption  had  ceased,  when  twenty  of  the  rashest  and 
most  daring  were  destroyed  by  a  sudden  explosion  of  smoke,  stones, 
and  ashes.  The  next  of  which  we  have  any  document,  took  place 
IB  1651,  and  is  described  by  Antonio  Santorelli^  as  also  by  the 
Abbate  Bracdni :  during  which  the  sea,  as  in  the  eruption  of  79, 
retreated  from  the  coast.  The  next  memorable  eruption  in  the 
ofder  of  time^  b  that  described  by  Valetta  in  1707 :  since  which 
period,  accounts  of  not  fewer  tlian  ten  others  have  been  publbhed  in 
the  Philosophical  Transactions,  for  nearly  half  of  which  the  world  b 
greatly  indebted  to  the  assiduity  and  intrepidity  of  Sir  William 
Hamilton.  Besides  these,  we  have  also  an  account  of  an  eruption 
in  1717,  by  bbhop  Berkeley^  and  of  another  in  1737  by  Dr.  Serao^ 
published  the  same  year  at  Naples. 

The  description  of  Pliny  b  as  follows;  and  the  two  letters  that 
contain  it  are  numbered  sixteen  and  twenty  in  the  sixth  book  of  hb 
epbtolary  coUection* 

"  TO  TACITUS. 

**  Your  request  that  I  would  send  you  an  account  of  my  uncle's 
death,  in  ofder  to  transmit  a  more  exact  relation  of  it  to  posterity,  de- 
serves my  acknowledgments ;  for  if  this  accident  diall  be  celebrated  by 
your  pen,  the  glory  of  it  I  am  well  assured  wdl  be  rendered  for 
ever  fllustrious.  And  notwithstanding  he  perished  by  a  misfortune, 
which,  as  it  involved  at  the  same  time  a  most  beautiful  country  in 
ruins,  and  destroyed  so  many  populous  cities,  seems  to  promise  hin 
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an  everlasting  retnerobrance ;  notwithstanding  be  has  bimsetf  4U)ni« 
posed  many  and  lasting  works  ;  yet  I  am  persuaded  the  menti<Ming 
of  him  ia  y<mr  immortal  writings  will  greatly  contribufe  to  eternize 
his  name.    Happy  1  esteem  those  to  be,  whom  Providence  has  dis* 
tiaguished  with  the  abilities  either  of  doing  such  actions  as  are  worthy 
of  being  related,  or  of  relating  them  in  a  manner  worthy  of  being  read ; 
but  doubly  hifppy  are  they  who  are  blessed  with  both  these  uncom- 
mon talents;  in  the  number  of  whidi  my  unele,  as  his  own  writings 
and  your  history  will  evidently  prove,  may  justly  be  ranked*    It  U 
witli  extreme  willingness,  therefore,  that  I  execute  your  commands ; 
and  should  indeed  have  claimed  the  task,  if  you  had  not  enjoined  it. 
He  was  at  that  time  with  the  fleet  under  his  ^mmand  at  Misenum^. 
On  the,  23d  of  August^  about  one  in  the  afiernoon,  my  mother  d^« 
sired  him  to  observe  a  cloud  which  appeared  of  a  very  unusual  size 
and  shape.     He  had  just  returned  from  takuig  the  benefit  of  the 
sunf,  and  after  bathing  himself  in  cold  water,  and  taking  a  slight 
repast,  had  retired  to  his  study :  he  immediately  arose  and  went  out 
upon  an  eminence  from  which  be  might  more  distinctly  view  this 
very  unconvmon  appearance.    It  was  not  at  that  distance  discernible 
from  what  mountain  this  cloud  issued,  but  it  was  foui^d  afterwards 
to  astend  from  mount  Vesuvius  |.    1  cannot  give  you  a  more  exact 
description  of  its  figure  than  by  resembling  it  to  that  of  a  pine-tree, 
for  it  shot  up  a  great  height  in  the  form  of  a  trunks  which  extended 
itself  at  the  top  into  a  sort  of  branches;  occasioned,  1  imagine* 
either  by  a  sudden  gust  of  air  that  impelled  it,  the  force  of  which 
decreased  as  it  advanced  upwards;  or  the  cloud  itself  being  pressed 
back  again  by  its  own  weight,  expanded  in  this  manner.   It  appeared 
Sometimes  bright,  and  sometimes  dark  and  spotted,  as  it  was  either 
more  or  less  impre^rnated  with  earth  and  cmders.    This  extraordi* 
nary  phenomenon  excited  my  uncle's  philosophical  curiosity  to  take 
a  nearer  view  of  it.    He  ordered  a  light  vessel  to  be  got  ready,  and 
gave  roe  the  liberty,  if  I  thought  proper,  to  attend  him.    I  rather 
chose  to  contmue  my  studies ;  for,  as  it  happened,  he  had  given  me 

«  In  the  gulf  of  Naples. 

t  The  Romans  used  to  Ue  or  wallt  naked  in  the  sun,  after  anointing  their 
bodies  with  oil,  which  was  esteemed  as  greatly  contributing  to  health,  and 
therefore  daily  practised  by  them. 

t  About  six  miles  distant  from  Naples.— This  dreadful  eruption  happene 
A.  D.  79,  in  the  firtt  year  of  tbt  emperor  Titns. 
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an  employ  went  of  thnt  kfaMi.  As  he  was  ooning  out  of  ths  boose, 
be  received  a  note  from  Rectina  the  wife  of  Bmsos,  who  was  in  die 
utmost  alarm  at  the  imminent  danger  which  threatened  ber ;  for  her 
vUla  i>eing  situated  at  the  foot  of  mount  Vesums,  there  was  no  way 
to  escape  hut  by  sea ;  she  earnestly  intreated  ^nm  therefore  taoone 
to  her  assistance.  He  accordingly  cbai^;ed  his  first  design,  and  what 
he  began  with  a  philosophical,  he  pnrsned  with  an  b^oical  tnm  of 
mind.  He  ordered  the  galleys  to  pnt  to  sea,  and  went  himself  on 
board  with  an  intention  of  assisting  not  only  Rectina,  but  several 
others :  for  the  villas  stand  extremely  thick  upon  the  beautifol  coast- 
When  bastening  to  the  plac^  from  which  others  fled  with  the  nt« 
most  terror,  he  steered*liis  direct  course  to  the  point  of  danger,  and 
with  so  much  calmness  and  presence  of  mind,,  as  to  be  able  to  mdbe 
and  dictate  his  observatbns  upon  the  motion  and  figure  of  thai 
dreadfol  scene.  He  was  now  so  nigh  the  mountain  that  the  cmdeis, 
which  grew  thicher  and  hotter  the  nearer  he  approached,  fell  kitotbe 
ships,  togetlier  with  pumice^tones,  and  black  pieces  of  burning  rodi ; 
they  were  likewise  in  danger  not  only  of  being  s^  ground  by  the  sud-* 
den  retreat  of  the  sea,  but  also  from  the  vast  fragments  which  M^led 
down  from  the  mountmii^  and  obstructed  all  the  shore.  Here  ke 
stopped  to  consider  whether  he  shouM  vetum  badi  again,  to  wUch 
the  pilot  advunng  him ;  <'  Fortune,*"  said  he,  *^  befriends  tlM  bmve ; 
carry  me  to  Pomponianus.*'  Fomponianus  was  then  x  at  Stabiai*, 
separated  by  a  golf  which  tbe  sea,  after  several  insensible  wiodngs, 
forms  upon  that  shore.  He  had  already  sent  his  baggage  on  board ; 
for  though  h^  was  not  at  tliat  time  m  actual  danger,  yet  bdnf 
within  the  view  of  it,  and  indeed  extremely  near,  if  it  should  in  tbe 
least  increase,  he  was  determined  to  put  to  sea  as  soon  as  the  wimi 
should  change.  It  was  fiivourable,  however,  for  carrying  niy  node 
to  Pomponhinus>  whom  he  found  in  the  giealeet  constenmtion :  h» 
embraced  him  with  tenderness,  enoouraging  and  exhor^Bg  bh»  t# 
keep  up  his  spirits;  and  the  more  to  dissipatie  hisfears^  he ovdefed; 
with  an  air  of  unoonoem,  the  baths  to  be  get  ready ;  when,  alter 
having  bathed,  he  sat  down  to  supper  with  great  cbeerfohiess^  or 
at  least  (what  is  e<|uany  heroic)  with  all  the  appearance  of  it.  In 
the  mean  while  the  eruption  from  mount  Vesuvius  flamed  out  in 
several  places  with  much  violence,  which  the  darkness  of  the  ni^l 

«  Now  called  Ca9<e/^JIi«r«A«U«^  in  tkcgidf4»fNapkt. 
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comtrfbuted  to  timdet  still  more  tisible  and  dreadful,  feat  ifty  ttiicle» 
Ih  order  to  soothe  the  apprehensions  of  hif  friend^  assured  him  it 
was  only  the  homing  of  the  vilhigetf«  which  the  country  people  had 
abandoned  to  the  flames ;  after  this  he  retired  to  Test,  and  it  is  most 
c^rtaih  he  was  so  little  d'iscomposed  as  to^fall  into  a  deep  sleep;  for 
being  pretty  fot,  and  breathing  hard,  those  who  attended  without 
actually  heard  him  snore.  The  court  which  led  I0  hb  apartment 
being  now  almost  filled  with  stones  and  9ahH,  if  he  had  continued 
there  any  time  longer,  it  would  have  been  imposiible  for  him  to 
have  made  his  way  out.;  it  was  thought  proper  therefore  to  awaken 
him.  He  got  up,  and  went  to  Pompoiiiahus  aiid  the  rest  of  his 
company,  who  were  not  unconcerned  enoi^  to  think  of  going  to 
bedL  They  consulted  together  whether  it  would  be  most  prudent 
to  trust  to  the  houses,  which  now  shook  flrodn  side  to  side  with  ire- 
quent  and  violent  concussions ;  or  fly  to  the  open  fields,  where  the 
calcined  stones  and  cinders,  though  light  indeed,  yet  fell  in  large 
showers,  and  threatened  destruction.  In  thb  distress  they  resolved 
for  the  fields,  as  the  less  dangerous  situation  of  the  two ;  a  resolu- 
tion which,  while  the  rest  of  the  company  were  hurried  into  it  by 
their  fears,  my  uncle  embraced  upon  cool  and  deliberate  conside- 
rMfefi.  lliey  weirt  oiit  tii^  having  pillows  tied  iipoH  thdr  heads 
wftb  tia|ft!n» ;  and  this  wHs  their  whole  defence  against  the  storm  of 
Sloites  that  fell  round  thieitii.  Hioogh  It  was  now  tH^  every  where 
dse,  WMt  them  It  was  dAfter  than  tlie  most  obscure  il%ht>  excepting 
im\y  wb*t  light  proceeded  kdm  the  fire  and  flames,  t'bey  thought 
ptbfer  to  go  down  faHhter  upon  the  shore,  to  6bserve  if  they  tii^l 
M^  pnt  ^yot  to  sea,  bat  th«y  feooid  the  Waves  stiH  run  e^^tvehilfly 
idgh  and  bdMi^ttMid.  Th^te  my  oncle  havfhg  drunk  a  dniu|[ht  or 
f#tt  of  cold  wakier,  Ai%w  himself  down  upon  a  cloth  which  was 
ApifMd  iblr  him^  ivh^n  imknediately  the  flames  atid  a  strong  smell  of 
Mll^hor,  Whidi  wiis  tte  fci^ruilnisr  of  them,  dispersed  the  rest  of 
a^  tothfjUM^f  atad  oMigi^  th^  to  arise.  He  nd^d  himself  up  whb 
m  tiMtlbnici  bf  two  of  Ms  terVaifts,  and  ilfetatftly  Ml  down  dead ; 
iiifflM;aMd,  «s  I  conjeddi^,  by  soitie  gto>ss^ttd  noxious  vapour,  hav- 
ft^  tH^itjs  had  weak  lungs,  and  fhi^ilently  stibjected  to  a  difficulty 
^  bttatbidg.  As  soon  fls  it  #sl8  lij^t  a^in,  which  was  not  tSI  ^ 
thbd  dity  ${ftef  ths  melalidioly  accident,  his  body  was  found  enthre^ 
iM  tmhdut  atiy  ttriurks  of  vtcdence  up6h  it,  exactly  in  the  ate^ 
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posture  that  be  fell,  and  looking  more  like  a  man  asleep  than 
dead.  During  all  this  time  my  mother  and  I,  who  were  at 
Misenum — But  as  this  has  no  connection  with  your  history,  so 
your  enquiry  went  no  farther  than  concerning  my  uncle's  death  ; 
with  that  therefore  I  will  put  an  end  to  my  letter :  suffer  me  only 
to  add,  that  I  have  faithfully  related  to  you  what  I  was  either  ao 
eye-witness  of  myself,  or  received  immediately  after  the  accident 
happened,  and  before  there  was  time  to  vary  the  truth.  You  will 
choose  out  of  this  narrative  such  circumstances  as  shall  be  most 
suitable  to  your  purpose ;  for  there  is  a  great  difference  between 
what  is  proper  for  a  letter,  and  an  history ;  between  writing  to  a 
friend,  and  writing  to  the  public.     Farewel. 

TO  CORNBLIUS  TACITUS. 

The  letter  which,  in  compliance  with  your  request,  I  wrote  to 
you  concerning  the  death  of  my  uncle,  has  raised,  it  seems,  your  cu- 
riosity to  know  what  terrors  and  dangers  attended  me  while  I 
continued  at  Misenum ;  for  there,  1  think,  the  account  of  my  former 
broke  off: 

Though  my  shock*d  soul  recoils,  my  tongue  shall  telY. 

My  uncle  having  left  ns,  I  pursued  the  studies  which  prevented  my  going 
with  him,  till  it  was  time  to  bathe ;  after  which  I  went  to  supper,  and 
from  thence  to  bed,  where  my  sleep  was  greatly  broken  and  disturbed. 
There  had  been  for  many  days  before  some  shocks  of  an  earthqivike, 
which  the  less  surprised  us  as  they  are  extremely  frequent  in  Cam- 
pania ;  but  they  were  so  particularly  violent  that  night,  that  they 
not  only  shook  every  thing  about  us,  but  seemed  indeed  to  threaten 
total  destruction.  My  mother  flew  to  my  chamber,  where  she 
found  me  rising  in  order  to  awaken  her.  We  went  out  into  a  small 
coyrt  belonging  to  the  house,  which  separated  the  sea  from  the 
buildings.  As  I  was  at  that  time  but  eighteen  years  of  age,  I  know 
not  whether  1  should  call  my  behaviour  in  this  dangerous  juncture, 
courage  or  rashness;  but  I  took  up  Livy,  and  amused  myself  with 
turning  over  that  author,  and  even  making  extracts  from  him,  as  if  all 
about  me  had  been  in  full  security.  While  we  were  m  this  posture, 
a  friend  of  my  uncle's,  who  was  just  come  from  Spain  to  pay  him 
a  visit,  joined  us,  and  observing  me  sitting  by  my  mother  with  a 
book  in  my  hand,  greatly  condemned  her  calnmess^  at  the  same 
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time  that  he  reproved  me  for  my  careless,  security :  nevertheless  I 
still  went  on  with  my  author.  Tfioiigh  it  was  noW  morning,  the 
light  was  exceedingly  faint  and  languid;  the  buildings  all  around  us 
tottered,  and  though  we  stood  upon  open  ground,  yet  as  the  place 
was  narrow  and  confined,  there  was  nro  remaining  there  witliout  cer- 
tain and  great  danger;  we  therefore  resolved  to  quit  the  town. 
The  people  followed  us  in  the  utmost  consternation,  and  (as  to  a 
mind  distracted  with  terror,  everj*  suggestion  seems  more  prudent 
than  its  own)  pressed  in  great  crowds  about  us  in  our  ^vay  out. 
Being  got  at  a  convenient  distance  from  the  houses,  we  stood  still  in 
the  midst  of  a  most  dangerous  and  dreadful  scene.  The  chariots' 
which  we  had  ordered  to  be  drawn  out  were  so  agitated  backwards 
and  forwards,  though  in  the  open  fields,  that  we  could  not  keep 
Ihem  steady,  even  by  supporting  them  with  large  stones.  The  sea 
seemed  to  roll  back  upon  itself,  and  to  be  driven  from  its  banks  by 
the  convulsive  motion  of  the  eaith;  it  is  certain  at  least  the  shore 
was  considerably  enlarged,  and  several  sea-animals  were  led  upon 
it.  On  the  other  side,  a  black  and  dreadful  cloud  bursting  with  an 
Igneous  serpentine  vapour,  darted  out  a  long  train  of  fire,  resem- 
bling flashes  of  lightning,  but  much  larger  Upon  this,  eur  Spanish 
friend,  whom  I  mentioned  above,  addressing  himself  to  my  mother 
and  me  with  great  wai'mth  and  earnestness:  «« If  your  brother 
and  your  uncle,"  said  he,  **  is  safe,  he  certainly  wishes  you  may  be 
so  too ;  but  if  he  perished,  it  was  his  desire,  no  doubt,  that  you 
might  both  survive  him:  why  therefore  do  you  delay  your  escape  a 
moment  3"  We  could  never  think  of  our  own  safety,  we  said,  white 
we  were  uncertain  of  his.  Hereupon  our  friend  left  us,  and  with- 
drew from  the  danger  with  the  utmost  precipitation.  Soon  afterwards 
the  cloud  seemed  to  descend,  and  cover  the  whole  ocean ;  as,  in- 
deed, it  entirely  hid  the  island  of  Caprea  %  and  the  promontory  of 
Misenum.  My  mother  strongly  conjured  me  to  make  my  esscape  at 
any  rate,  which,  as  I  was  young,  I  might  easily  do :  as  for  her- 
self, she  said,  her  age  and  corpulency  rendered  all  attempts  of 
that  sort  impossible ;  however,  she  wopid  willingly  meet  death,  if 
she  could  have  the  satisfaction  of  seeing  that  she  was  not  the  occa- 
sioo  of  mine.    But  I  absolutely  refused  to  leave  her,  and  taking  her 

•  An  islai^  i)ear  Naples,  now  called  Capri. 
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by  tlie  hand,  I  M  her  on ;  she  complied  with  great  reluctance,  and 
not  without  many  reproaches  to  herself  for  retarding  my  flight. 
The  ashes  now  began  to  fall  upon  us,  though  in  no  great  quantity. 
1  turned  my  head,  and  observed  behind  us  a  thick  smoke,  which 
came  rolling  after  us  like  a  torrent    I  proposed,  while  we  bad  yet 
any  light,  to  turu  out  of  the  high  road,  lest  we  should  be  pressed  to 
death  in  the  dark  by  the  crowd  that  followed  us.     We  had  scarce 
stepped  out  of  the  path,  when  a  darkness  overspread  us,  not  libs 
that  of  a  cloudy  night,  or  when  there  is  no  moon,  bat  of  a  room 
when  it  is  shut  np  and  all  the  lights  are  extinct.  Nothing  then  was  to 
be  heard  but  the  shrieks  of  Women,  the  screams  of  children,  and  the 
cries  of  men ;  some  callmg  for  their  children,  others  for  their  pa^ 
rents,  others  for  their  husbands,  and  only  distinguishing  each  other 
by  tlieir  voices ;  one  lamenting  bis  own  fate,  another  that  of  his  fa* 
mily ;  some  wishing  to  die  from  the  very  fear  of  dyuig,  some  liftiHs 
up  their  hands  to  the  gods  i  but  the  greater  part  imagming  that  the 
last  and  eternal  night  was  come,  which  was  to  destroy  both  the  gods 
and  the  world  t<^ther*«    Among  these  there  were  some  who  aug* 
mented  the  real  terrors  by  imai;uiary  ones,  and  made  the  fri^iled 
multitude  folsely  believe  that  Misenum  was  actually  in  flames.    At 
lengtli  a  glimmering  light  appeared,  which  we  imagined  to  be  rather 
the  forerunner  of  an  approachiug  burst  of  flames  (^  in  truth  it  was^ 
than  the  return  of  day ;  however,  the  fire-fell  at  a  distance  from  us: 
then  again  we  were  immersed  in  thick  darkness,  and  a  heavy  shower 
of  asbes  rained  upon  us,  which  we  were  obliged  every  now  and  then 
to  shake  ofi*,  otherwise  we  should  hs^ve  b^n  crushed  ^nd  buried  ix^ 
the  heap.   I  might  boast,  that  durmg  all  this  scene  of  liorror,  not  a 
sigh  or  expression  of  fear  escaped  firom  me,  had  not  my  support 
been  founded  in  that  miserable  though  strong  consolation,  that  all 
mankind  were  involved  in  the  same  calamity,  and  that  1  impgined  I 
waA  perishing  with  the  world  itself.     At  last  this  dreadful  darkness 
was  dissipated  by  degrees  likfe  a  cloud  of  smoke :  the  reid  day  re* 
turned,  and  even  the  sun  appeared,  though  very  fomtly,  and  as  when 
an  eclipse  is  coming  on.    Every  object  that  presented  itself  to  our 

*  The  Stoic  and  Epicurean  philosophers  held,  that  the  world  was  to  be  de- 
stroyed by  fire,  and  all  things  fall  again  into  original  chaos,  not  excepting 
even  the  national  gods  themselves  from  the  destruction  of  this  genend  coa* 
jflagratiott.  « 
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eyes  (viiiich  were  extremely  weakened)  seemed  changed^  Mng  co- 
vered over  with  white  ashes*  as  with  a  deep  snow.  We  returned  to 
Misenum/  where  we  refreshed  ourselves  as  well  as  we  could,  and 
passed  an  anxious  night  hetween  hope  and  fear ;  though  indeed 
with  a  much  larger  share  of  the  latter ;  for  the  earthquake  still  conti- 
nued, while  several  enthusiastic  people  ran  up  and  down,  heightening 
their  own  and  their  frwnds*  calamities  by  tfrrifrle  predictioni. 
However>  my  mother  and  1,  notwithstanding  the  danger  we  had 
passed,  and  that  which  still  threatened  us,  had  no  thoughts  of  Iciv- 
ing  the  place  till  we  we  should  receive  so^  account  of  my  nnek. 

And  now  you  will  read  this  narr^ive  without  any  view  of  inserting 
It  m  your  history,  of  which  it  is  by  no  means  worthy;  and  indeed 
yon  must  Impute  it  to  your  own  request,  if  it  shall  i^ipear  ^P^rpe  to 
deserve  even  tlic  trouble  of  a  letter.    Farewe V 

BBCTIp^'  IJ. 

En^ion  of  Fesuvius  in  1766,  as  dmribed  in  a  I^etter  fronp 
the  flow.  WILLIAM  Hamilton,  his  Majesfy's  J^wpoy  Ex- 
traordinary at  Naples,  fo  the  Earl  ^Morton,  President 
of  the  Royal  Society. 

Kap|«bs,  June  10,  176^. 
My  Lord, 
As  I  have  attended  pa|licularly  tp  the  varioMs  changes  of  Mount 
Vesuvms,  from  the  l/th  of  November  1 764,  the  day  of  my  arrival 
at  this  capital,  I  flatter  myself,  that  piy  ob^rvations  will  not  be  un^ 
acceptable  to  your  lordship,  especially  as  this  volcano  \w  l^ely 
made  9  very  considerable  .eruption.  I  shall  confine  myself  merely  to 
the  many  extraordinary  appearances  that  have  come  under  my  own 
Inspection,  and  leave  their  ,explanatioii  tp  the  more  learned  in  natu- 
n^  philpsophy. 

Pttri^g  the  first  twelvemonth  pf  my  being  liere,  I  did  not  perceive 

any  remarkable  alteration  in  the  mountain;  but  I  observed  the 

smoke  from  tlie  mouth  of  the  volcano  was  much  more  considerable 

'  In  bad  weather  than  when  it  was  fair;  and  I  often  hpard  (even  at 

Naples,  six  miles  from  Vesuviqs)  in  bad  weatlier,  the  report  of  the 

♦  Mr.  Addison,  io  his  account  of  mount  Vcsuvins,  obseryes,  that  the  air  of 
tbe  place  is  so  very  mock  imptegmtted  with  salt-petre,  that  ope  can  scafce  fin4 
M  9l$fM  wlOch  has  not  the  top  white  with  it. 
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toward  explosions  of  the  mountain.  When  I  have  been  at  the  lop 
of  Mount  Vesuvius  in  fair  weather,  1  have  sometimes  found  so  little 
smoke  that  I  have  been  able  to  see  far  down  the  moutii  of  the  vol- 
cano, the  sides  of  which  were  incrusted  with  salts  and  minerals  of 
various  colours,  white,  green,  deep  and  pale  yellow.  The  smoke 
that  issued  from  the  mouth  of  the  volcano  in  bad  weather  was 
white,  very  moist,  and  not  near  so  offensive  as  the  sulphureous  steams 
from  various  cracks  ou  the  sides  of  the  mountain. 

'  Towards  the  mouth  of  September  last,  I  perceived  the  smoke  to 
be  more  consideimble,  and  to  continue  even  in  fair  weather ;  and  in 
October  I  perceived  sometimes  a  puff  of  black  smoke  ^oot  up  a 
considerable  height  in  the  midst  of  the  white,  which  symptom  of  an 
approaching  eruption  grew  more  frequent  daily ;  and  soon  after, 
these  puffs  of  smoke  appeared  iu  the  night  tinged  like  clouds  with 
the  sotting  sunv 

About  the  beginning  of  November  I  went  up  the  mountain ;  it 
was  then  covered  with  snow,  and  I  perceived  a  little  hillock  of  sul* 
pbur  had  been  thrown  up  since  my  last  visit  there,  within  about  /brty 
yards  of  the  mouth  of  the  volcano;  it  was  near  six  feet  high,  and  a 
light  blue  flame  issued  constantly  from  its  top.  As  I  was  examining 
this  phenomenon^  I  heard  a  violent  report,  and  saw  a  column  of  black 
smoke  followed  by  a  reddish  flame,  shoot  up  with  violence  from 
the  mout!)  of  the  volcano^  and  presently  fell  a  shower  of  stones,  one 
of  which  falling  near  me,  made  me  retire  with  some  precipitation, 
and  also  rendered  me  more  cautious  of  approaching  too  near,  in  my 
subsequent  joumies  to  Vesuvius. 

From  November  to  the  28th  of  March,  the  date  of  the  beginning 
of  this  eruption,  the  smoke  increased  and  was  mixed  with  ashes, 
which  fell,  and  did  great  damage  to  the  vineyards  in  the  neighbour- 
hood of  the  mountain.  A  few  days  before  the  eruption  I  saw  (what 
Pliny  the  younger  mentions  having  seen,  before  that  eruption  of  Ve- 
suvius which  proved  fatal  to  his  uncle)  the  black  smoke  take  the 
form  of  a  piue-tree.  The  smoke  that  appeared  black  m  the  day 
time  for  near  two  months,  before  the  eruption  had  the  appearance 
of  flame  in  the  night. 

On  Good  Friday,  the  28th  of  March,  at  seven  o'clock  at  night,  the 
lava  began  to  boil  over  the  mouth  of  the  volcano,  at  first  in  one 
stream ;  and  soon  after,  dividing  itself  into  two,  it  took  its  course 
towards  Portici.    It  was  preceded  by  a  violent  explosion,  which 
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caused  a  partial  earthquake  in  the  neighbourhood  of  the  mountain; 
and  a  shower  of  red«hot  stones  and  cinders  were  thrown  up  to  a 
Considerable  height.  Immediately  upon  sight  of  the  lava»  I  left 
Naples  with  a  party  of  my  countrymen,  whom  I  found  as  impatient 
as  myself  to  satisfy  their  curiosity  m  examining  so  curious  an  opera- 
tion of  nature.  I  passed  the  whole  night  upon  the  mountain;  and 
observed  that,  though  the  red*hot  stoues  were  thr5wn  up  in  much 
greater  nuuiber  and  to  a  more  considt^rabie  height  than  before  the  ap* 
pearance  of  the  lava,  yet  the  report  was  much  less  cbnsiderable  than 
some  days  before  the  eruption.  The  lava  ran  near  a  mile  in  an 
hour's  time,  when  the  two  branches  joined  in  a  hollow  on  the  side 
of  the,  mountain,  without  proceeding  farther.  I  approached  the 
mouth  of  the  volcano,  as  near  as  I  could  with  prudence;  the  lava 
bad  the  appearance  of  a  river  of  red-hot  and  liquid  metal,  such  as 
we  see  in  the  glass-houses^  on  which  were  large  floating  cinders  half 
lighted,  and  rolling  one  over  another  with  great  precipitation  down 
the  side  of  the  mountain,  forming  a  most  beautiful  and  uncommon 
easc^e ;  the  colour  of  the  fire  was  much  paler  and  brighter  on 
tke  first  than  the  subsequent  nights,  when  it  became  of  a /deep 
r«d»  probably  owing  to  its  having  been  more  impregnated  with  sul- 
phur at  first  than  afterwards.  In  the  day  time,  unless  you  are  quite 
close,  the  lava  has  no  appearance  of  fire ;  but  a  thick  white  smoke 
marks  its  course. 

The  29th  the  mountain  was  very  quiet,  and  the  lava  did  notion* 
tinue.  The  30th  it  began  to  fiow  again  in  tlie  same  direction,  whilst 
the  mouth  of  the  vol<;ano  threw  up  every  minute  a  girandole  of  red- 
hot  stones^  to  an  immense  height.  The  31st  I  passed  the  tiight 
upon  the  mountaui ;  the  lava  was  not  so  considerable  as  the  first 
night,  but  the  red-hot  stones  were  perfectly  transparent,  some  of 
which  I  dare  say  of  a  ton  weight,  mounted  at  least  200  feet  perpen- 
dicular, and  fell  in,  or  near  the  mouth  of  a  little  mountain,  that 
was  now  formed  by  the  quantity  of  ashes  and  stoues,  within  tlie 
great  mouth  of  the  volcano,  and  which  made  the  approach  much 
iafierthan  it  had  been  some  days  before,  when  the  mouth  was  near 
ludf  a  mile  in  circumference,  and  the  stones  took  every  direction. 
Mr.  Hervey,  brother  to  the  Efirl  of  Bristol,  was  very  much  wounded 
in  the  arm  some  days  before  the  eruption,  having  approached  too 
near ;  and  two  ]£nglish  gentlemen  with  him  were  also  hurt.  It  is 
impossible  to  describe  the  beautiful  appearance  of  these  girandoles 
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of  red-hot  stones,  far  surpmssmg  the  most  astooishing  artificial  fire- 
work. 

From  the  aist  of  March  to  the  9th  of  April,  the  lava  cootioued 
an  the  same  side  of  the  mountain  in  Iwo^  three,  and  sometimes  Imit 
brancbesy  withpvt  descending  fpuch  lower  than  the  first  night*  I 
remarked  a  kind  of  intermission  in  the  fever  of  the  monntaiu«  whidi 
seemed  to  retmm  with  violence  every  other  night*  On  the  lOtfa  of 
April  at  night  the  lava  disappeared  on  the  side  of  the  mountain  to* 
WMda  Naples,  and  broke  out  with  much  more  violence  on  the  side 
m%aUL  the  Torre  dell'  Anmmciata.^ 

I  passed  tlie  whole  day  »id  the  night  of  the  I2th  upon  the  mouit- 
tain,  and  followed  the  course  of  the  Uva  to  ils  very  source ;  it  burst 
ont  of  the  side  of  the  mountain,  within  about  half  a  m^  of  the 
,  raonds  of  the  volcano,  like  a  torrent,  attended  with  vblent  explo- 
sionsy  which  tlmw  up  naflamed  matter  to  a  considerable  height,  the 
a^iaoeBl  ground  quivering  like  the  timbers  of  a  water-mill ;  the  heat 
of  the  latva  was  so  great  as  not  to  snfer  me  to  approach  nearer 
than  within  ten  feet  oi  the  stream,  and  of  such  a  consistency  (though 
it  appeared  liquid  as  water)  as  almost  to  resist  the  impresaoft  €€  a 
a  long  stisk,  with  wfaieh  I  made  the  eaperunent;  and  large  stones 
thrown  on  it  with  all  my  force  did  not  sink^  bnt,  making  a  sfight 
iinpression,  floated  on  the  saaface,  and  were  carried  out  of  sight  m 
a  short  time ;  for,  notwithstanding  the  consistency  of  the  lava^  it  lan 
with  amaakig  velocity ;  I  am  sure,  the  first  nile  with  a  rapidity 
equsal  to  that  of  the  river  Severn,  at  the  passage  near  Bristol.  The 
stream  at  its  source  was  abont  ten  feet  wide,  but  soon  extended 
itself,  and  divided  into  three  branches,  so  that  these  livers  of  hrt 
communicating  their  heat  to  the  cinders  of  fonner  lavas,  between 
one  bvandi  mul  the  others  had  the  appearance  at  night  of  a  eonti- 
imed  sheet  of  fire,  four  miles  in  length,  and  in  some  parts  iie»  two 
ift  bccadth.  Your  lordship  may  imi^ine  the  glorious  appeanmoe  of 
^ssMKcommon  scene,  such  as  passes  all  description. 

The  hv?a^  after  having  run^  pure  fer<  about  100  yards»^  began  to 
cottect  cinders>  stones,  lite,  and  a  scum^wns  formed  on  itssuifoce, 
wWcb  io<  the  day  time  had  the  appearance  of  the  river  Thames,  as  I 
have  seem  it  after  a  hard  firoat  and  great  foil  of  snow,  when  begin- 
ning to  thaw,  carrying  down  vast  masses  of  snow  and  iee»  in  two 
places  the  liqnid  lava  totally  disappeared,  andra»m  a  suMer raneoos 
spassage  for  some  paces,  then  came  out  again  pore,  havhig  Mt  the 
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scum  behind.  In  this  maniker  it  advanced  to  the  cultivated  parts  of 
the  mountain ;  and  I  saw  it  the  same  night  of  the  12th,  unmercifully 
destroy  a  poor  man's  vineyard  and  surround  his  cottage,  notwith- 
standing the  opposition  of  many  images  of  St.  Januarius^  that  were 
placed  upon  the  cottage,  and  tied  to  almost  every  vine.  The  lava» 
at  the  farthest  extremity  from  iU  source,  did  not  appear  liquid,  hut 
like  a  heap  of  red-hot  coals  forming  a  wall»  in  some  places  ten  or 
twelve  feet  high,  n^hich  rolling  from  the  top  soon  ibrmed  another 
wall,  and  so  on,  advancing  slowly  not  store  than  about  thirty  feH  ia 
an  hour. 

The  mouth  of  the  volcano  has  not  thrown  up  any  kirge  stones 
met  the  second  eruption  of  lava,  on  the  iQth  of  April,  but  has 
thrown  up  quantities  of  small  ashes  and  pumice-stones,  that  have 
greatly  damaged  th^  neighbourinf  vineyards.  I  have  been  several 
times  at  the  mountain  since  the  12th;  but  as  the  eruption  was  in  iU 
greatest  vigour  at  that  time,  I  liave  vei^ured  to  dweU  ou«  and  I  fear 
tire  your  lordship  with  the  observations  of  that  day* 

la  say  last  ynA  to  Mount  Vesuvius  th«  3d  of  June,^  I  still  found 
that  the  lava  continued,  but  the  rivers  were  become  rivulets>and  had 
lost  much  of  their  rapidity.  The  quairtUy  of  matter  thrown  out  by 
this  eruption,  is  greater  thaa  that  of  the  lart  in  the  year  176o»  but 
the  damage  to  the  cultivated  lands  is  not  so  considerable,  owing  to 
its  having  spread  itself  much  more,  and  its  source  being  at  kast 
three  mUes  higher  up.  This  eruption  seeiQS  now  to  have  ediausted 
itself;  and  I  expect  in  a  few  days  to  see  Vesuvius  restored  to  its 
former  tranqniUity. 

Mount  Etna,  in  Sicily  hvAe  out  the  37lh  <^ApriU  and  piade  ahiiia 
stivam  in  two  branches,  at  least  six  miles  in  length,  and  a  mile  m 
.  braidtb,  acooidMig  to  the  description  given  me  by  Mr.  Wilbraham, 
who  was  theie,.  after  having  seen  with  me  part  of  the  eruptiw  of 
mottnt  F4«!^T  Vesuvius  resembles  it  in  every  respect,  except  that 
movnt  Etna,  at  the  place  from  whence  the  lava  flowed  (whick  was 
twelve  mileafrem  the  iwMitb  of  the  volcano),,  threw  up;  a  fountaio  of 
liqiHd  inflimnd  niatta"  Uk  a  conaideraUe  bei|^l ;,  which,  I  am  toM, 
-  movnt  Veswim  has  done  in  former  eiii^ilMM. 

I  beg  pawlen  fr»r fasviagi tek^n  up  so  muthof  your  time,  and  yet 
Itattev  myself,  that  my  diBSCiaption,  which  I  assure  your  lordship  is 
not  exaggerated,  wilt  have  afforded  you  some  amusement. 

[Pm.  TVans.  17«7  J 
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SECTION  III. 

General  Observations  on  the  preceding  Section,  as  described  in 
a  Letter  from  the  same  to  Matthew  Maty,  M.  D.  Se- 
cretary to  the  Royal  Society. 

Villa  Angelica,  near  Mount  Vesuvius, 

October  4,,  176S. 
Silt, 

I  HAVE  but  very  lately  received  your  last  obliging  letter  of  the  5th 
of  July,  with  the  volume  of  Philosophical  Transactions. 

I  must  beg  of  you  to  express  my  satisfaction  at  the  notice  the 
Royal  Society  have  been  pleased  (o  take  of  my  accounts  of  the  two 
last  eruptions  *  of  Mount  Vesuvius.  Since  I  have  been  at  my  villa 
here,  I  have  enquired  of  the  inhabitants  of  the  mountain  after 
what  they  had  seen  during  the  lasf  eruption..  In  my  letter  to  Lord 
Morton,  I  mentioned  nothing  but  what  came  immediately  under  my 
own  observation:  but  as  all  the  peasants  here  agree  in  their  account 
of  the  terrible  thunder  and  lightning,  which  lasted  almost  tbe  whole 
time  of  the  eruption,  upon  the  mountain  only ;  I  think  it  a  circum- 
stance worth  attending  to.  Besides  the  lightning,  which  perfectly 
resembled  the  common  forked  lightning,  there  were  many  meteors, 
like  what  arc  vulgarly  called  falling  stars.  A  peasant,  in  my  neigh, 
bourhood,  lost  eight  hogs  by  the  ashes  falling  into  the  trough  with 
their  foo  d:  they  grew  giddy,  and  died  in  a  few  hours.  The  last  day 
of  the  eruption,  the  ashes,  which  fell  abundantly  upon  the  mountain, 
were  as  white  almost  as  snow  ;  and  the  old  people  here  assure  me, 
that  is  a  sure  symptom  of  the  eruption  being  at  an  end.  These  cir- 
cumstances  being  well  attested,  I  thought  worth  relating. 

It  would  require  many  years  close  application,  to  give  a  proper 
and  truly  philosophical  account  of  the  volcanoes  in  the  neighbour- 
hood of  Naples :  but  I  am  sure  such  a  history  might  be  given, 
supported  by  demonstration,  as  would  destroy  every  system  hitherto 
given  upon  this  subject.  We  have  here  an  opportunity  of  seeing 
volcanoes  in  all  their  states.  I  have  been  this  summer  in  the  island 
of  Iscliia;  it  is  about  eighteen  miles  round,  and  its  whole  basis  is 
lava.  The  great  mountain  in  it,  near  as  high  as  Vesuvius,  formerly 
called'Epomeus,  and  now  San  Nicolo,  I  am  convinced  was  thrown  up 
by  degrees ;  and  I  have  no  doubt  in  my  own  mhid,  but  that  th^ 

*  Sir  WiUiam  m  this  passage  refers  to  a  second  letter  upon  the  same  subject,' 
which  we  have  not  thought  it  necessary  to  copy,— £(2»/or. 
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island  itself  rose  out  of  the  sea  in  the  same  manner  as  some  of  the 
Azores.    I  am  of  the  same  opinion  with  i-espect  to  Mount  Vesuvius, 
and  all  the  high  grounds  near  Naples ;  as  having  not  yet  seen^  in  any 
one  place,  what  can  be  called  virgin  earth.     I  had  the  pleasure  of 
seeing  a  well  sunk,  a  few  days  ago,  near  my  villa,  which  is,  as  you 
know,  at  the  foot  of  Vesuvius,  and  close  by  the  sea  side.    At  twenty* 
five  feet  below  the  level  of  the  sea  they  came  to  a  stratum  of  lava* 
and  God  knows  how  much  deeper  they  might  have  still  found  other 
lavas.    The  soil  all  round  the  mountain,  which  is  so  fertile,  consists 
of  stratas  of  lavas,  ashes,  pumice,  and  now  and  then  a  thin  stratum 
of  good  earth,  which  good  earth  is  produced  by  the  surface  moulder* 
ing,  and  the  rotting  of  the  roots  of  plants,  vines,  &c.    This  is  plainly 
to  be  seen  at  Pompeii,  where  they  are  now  digging  into  the  ruins  of 
that  ancient  city ;  the  houses  are  covered^  about  ten  or  fifteen  feet, 
with  pumice  aud  fragments  of  lava,  some  of  which  weigh  three 
pounds  (which  last  circumstance  I  mention  to  shew,  that,  in  a  great 
eruption,  Vesuvius  has  thrown  stones  of  this  weight  six  miles,  which 
b  its  distance  from  Pompeii,  in  a  direct  line);  upon  this  stratum  of 
pumice,  or  rapilli,  as  they  call  them  here,  is  a  stratum  of  excellent 
mould,  about  two  feet  thick/  on  which  grow  large  trees,  and  excel- 
lent  grapes.    We  have  then  the  Solfaterra,  which  was  certainly  a 
volcano,  and  has  ceased  from  operating,  for  want  of  metallic  particles 
and  over-abounding  with  sulphur.    You  may  trace  its  lavas  into  the 
sea.     We  have  the  Lago  d*Averno,  and  the  Lago  dAgnano,  both  of 
v||iich  were  formerly  volcanoes;  and  Astroni,  which  still  retains 
its  form  more  than  any  of  these.    Its  crater  is  wailed  round,  and  his 
Sicilian  majesty  takes  the  diversion  of  boar  hunting  in  this  volcano; 
and  neither'his  majesty,  or  any  one  of  his  court,  ever  dreamed  of  its 
former  state.    We  have  then  that  curious  mountain,  called  Mon- 
tagno  Nuovo,  near  Puzzole,  which  rose,  in  one  night,  out  of  the 
Locrine  Lake;  it  b  about  150  feet  high  and  three  miles  round.    I 
do  not  think  it  more  extraordinary,  that  Mount  Vesuvius,  in  maiiy 
ages,  should  rise  above  2000  feet ;  when  this  mountain,  as  is  well 
attested,  rose  in  one  night,  no  longer  ago  than  thcvyear  1538.    I 
have  a  project,  next  spring,  of  passing  some  days  at  Puzzole,  and  of 
dissecting  this  mountain,  taking  its  measures,  and  making  drawings 
of  iU  stratas  I  for,  1  perceive,  it  is  composed  of  stratas,  like  Mount 
VesttviuSy  but  without  lavas.     As  this  mountain  is  so  undoubtedly 
formed  entirely  from  a  plane,  I  should  think  my  project  may  give, 
iight  into  the  formation  of  many  other  mountains,  that  are  at  present 
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thottght  to  have  been  origimil»  and  are  certftfnly  not  so^  if  thehr 
strata  correspond  with  those  of  th«  Montagno  Nnoro.  I  shottkl 
be  glad  to  know  whether  jou  think  thi«  project  of  mme  will  be  use- 
ful ;  aud»  if  you  do,  the  result  of  my  observations  may  be  the  sub- 
ject  of  another  letter. 

I  cannot  have  a  greater  pleasure  than  to  employ  my  leisure  hoot^ 
in  what  may  be  of  some  little  use  to  mankind;  ftild  my  lot  haa 
carried  ase  into  a  country,  which  afibrds  an  ample  field  for  observil- 
tion*  Upon  the  whole,  if  I  was  to  establish  a  system,  it  would  be» 
that  moontahis  are  produced  by  volcanoes,  and  not  volcanoes  by 
roountaiiu. 

I  fear  I  have  tired  you :  but  the  subject  of  volcanoes  is  so 
favourite  a  one  with  me,  that  it  has  led  me  on  I  know  not  how  t  I 
shall  only  add,  that  Vesuvius  is  quiet  at  present,  though  tery  htA  gt 
top,  where  there  is  a  deposition  of  boiling  snlphur.  The  lava  thtt 
run  in  the  Fossa  Grande  during  the  last  eruption,  and^is  at  lea^  300 
fttt  thick,  is  tiot  yet  cool;  a  stick,  pnt  into  its  creviced,  takes  Jlfe 
inmiediately.  On  the  sides  of  the  crevices  are  fine  ctpoS&ak  salts: 
as  they  are  the  pnre  salts,  which  exhale  from  the  lava  that  has  no 
conMnunication  with  the  intlsrior  of  the  monntam,  they  may  perhaps 
indicate  the  composition  of  the  lava^ 

[Phii.  Trofu.  ITtSj^.] 

SKCTiON  IV. 

Eruption  of  Veswoim  m  1799,  <w  described  in  a  Letter  from  ^ 
Sir  William  Hamilton,  K.  B.  F.  R.S.  /o  Joseph 
Banks,  Esq- F.R.S. 

Naplks,  Octoier  1»  1779* 
Sir, 
'The  late  eruption  of  Mount  Vesuvius  was  of  so  singular  a  nature, 
so  very  violent  and  alarming^  that  it  necessarily  attracted  the  atten- 
tion of  every  one,  not  only  in  its  inmiediate  neighbourhood,  but  for 
many  miles  around ;  and,  consequently,  several  slight  descriptioaB  of 
it  have  been  already  handed  about,  and  some  (as  I  ain  mformed) 
more  accurate  and  circumstantial  are  preparing  for  the  press*. 


^^  I'he  inhabitants  of  this  great  city  in  general  give  so  little  attention  to 
MottM' VesoViti^,  tboiigh  in  full  view  of  the  greatest  part  of  it,  that  1  am  well^ 
«0Bvtafi«d  ttUtlTf  6f  ilj  entp€itit$  pftss  tdttf  !y  QDiHltieed  by  at  least  two-thirds  of 
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That  on  wbi<^  the  Abbot  Bottis  is  actually  eniplojed»  by  com^ 
mand  of  bit  Sicilian  Miyesty,  will  undoubtedly  be  executed  with  the 
same  accuracy,  truth,  and  precision,  as  have  rendered  that  anthor*s 
former  publications  upon  the  subject  of  Mount  Vesuvius  so  univtr- 
sally  and  deservedly  esteemed. 

Such  a  publication,  executed  with  magnificence  in  the  royal 
prmting  office,  may,  perhaps,  render  every  other  account  of  the  late 
enqption  superfluous :  nevertheless,  I  should  think  myself  in  some 
degree  guilty  of  a  neglect  towards  the  Royal  Society,  who  have  done 
80  much  honour  to  my  former  communications,  if  I  did  not,  through 
the  respectable  channel  of  its  worthy  president,  and  my  good  Ariend, 
simply  rriate  to  them  such  remarkable  circumstances  as  attended 
the  late  tremendous  explosions  of  Mount  Vesuvius,  wad  as  cither 
came  hnmediately  under  my  own  inspection,  or  have  been  related  to 
me  by  such  good  authority  as  cannot  be  called  in  question. 

Since  the  great  eruption  of  1767,  of  which  I  had  the  honour  of 
giving  a  particular  account  to  the  Royal  Society,  Vesuvius  has  never 
been  free  from  smoke,  nor  ever  many  months  without  throwmg  up 
red-hot  scorisD,  which,  increasing  to  a  certain  degree,  were  usualfy 
followed  by  a  current  of  liquid  lava;  and,  except  hi  the  eruptioo  of 
1777»  those  lavas  broke  out  nearly  firom  the  same  spot,  wad  ran 
much  in  the  same  durection,  as  that  of  the  famous  eruption  of 
1767. 

No  less  than  nine  such  eruptions  are  recorded  here  since  the 
great  one  above-mentioned,  and  some  of  tbem  were  coaskierable. 
I  never  failed  visiting  those  lavas  whilst  they  wcte  in  full  force,  and 
as  constantly  examined  tliem  and  the  crater  of  the  volcano  atktt  the 
otasiog  of  each  eruption  *• 

It  would  be  but  a  repetitioa  of  what  has  been  described  m  my 
iMrmer  letters  on  A\s  swlirject,  were  I  to  relate  my  remarks  on  diose 
diffinrent  expeditionar  The  hivas,  when  they  eithet  boiled  over  the 
crater,  or  broke  out  from. the  conical  parts  of  the  vokano^  coi>> 

,  ♦  The  last  visit  to  the  crater  of  Vesuvius,  which  was  in  the  moatft  tff  Hiy, 
t7a9,waB  Ky  flfly^>i:htb,aiidtobetureIhavebeen  foartiow*  as  often  otfferb 
of  the  mouDtain,  without  climbing  to  its  summit,  and  after  all  am  not  ashamed 
to  own,  that  I  comprehend  very  little  of  the  wonders  I  have  seen  in  this  great 
labootary  of  nature  i  yet  fhtrt  have  been  aalunillttt  cf  sncb  »  wonderfiil  pene- 
trating genius,  as  to  have  thought  themselves  sufficiently  qualified  toaceonnt  for 
every  hidden  phenomenon  of  Vesuvius,  after  lyivlng,  If tcsally  ifieaking,  given 
the  volcano  tin  coup  d^tsil* 
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stantly  formed  clianoels  ai»  regular  a9  if  they  had  been  cut  by  art 
down  the  steep  part  of  the  mountain,  and,  whilst  in  a  state  of  per* 
feet  fusion^  continued  their  course  in  those  channels,  mrhich  were 
sometimes  full  to  the  brin*  and  at  other  times  more^^or  less  so,  ac- 
cording to  the  quantity  of  matter  in  motion. 

These  channels,  upon  examination  after  an  eruption,  I  have 
found  to  be  in  general  from  two  to  five  or  six  feet  wide,  and  seven 
or  eight  feet  deep.  They  were  bften  hid  from  the  sight  by  a  quantity 
of  scprinB  that  had  formed  a  crust  over  them,  and  the  lava  having 
been  conveyed  in  a  covered  way  for  some  yards,  came  out  fresh 
again  into  an  open  channel.  After  an  eruption  I  have  walked  in 
some  of  those  subterraneous  or  covered  galleries  which  were  exceed- 
ingly curious,  the  sides,  top,  and  bottom,  being  worn  perfectly 
smooth  and  even  in  most  parts  by  the  violence  of  the  cnrreuts  of 
the  red-hot  lavas,  which  they  had  conveyed  for  many  weeks  succes- 
sively ;  in  others,  the  lava  had  incrusted  the  sides  of  those  channels 
with  some  very  extraordinary  scoricB  :  beautifully  ramilied  with  white 
salts,*  in  the  form  of  dr;>pping  stalactites,  were  also  attached  to 
many  parts  of  the  ceiling  of  those  galleries.  It  is  imagined  here, 
that  the  salts  of  Vesuvius  are  chiefly  ammoniac,  though  often 
tinged  with  green,  deep,  or  pale  yellow,  by  tlie  vapour  of  various 
minerals. 

In  the  month  of  May  last,  there  was  a  considerable  eruption  of 
Mount  Vesuvius,  yvhen  I  passed  a  night  on  the  mountain  in  the  com- 
pany  of  one  of  my  countrymen,  as  eager  as  myself  in  the  pursuit  of 
this  branch  of  natural  history  f- 

We  saw  the  operation  of  the  lava,  in  the  channels  as  abovemen* 
tioned,  in  the  greatest  perfection  ;  but  it  was,  indeed,  owing  to  our 
perseverance^  and  some  degree  of  resolution.  After  the  lava  had 
quitted  its  regular  channels,  it  spread  itself  in  the  valley,  and, 
l^ing  loaded  ivith  scoria,  ran  gently  on,  hke  a  river  that  had  been 
frozen,  and  had  masses  of  ice  floating  on  it :  the  wind  changing 
when  we  were  close  to  this  gentle  stream  of  lava,  which  might  be 
about  fifty  or  sixty  feet  in  breadth,  incommoded  us  so  much  with  its 
heat  and  smoke,  that  we  must  have  returned  without  having  satisfied 


«  I  sent  a  large  specimeD  of  this  curious'volcaoic  production  to  the  BritiA 
Mnseam  last  year, 
t  Mr.  Bowdler,  of  Bath. 
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ouf  corio^,  had  notour  guide*  proposed  the  expedient  of  walkk^ 
across  it,  which>  to  our  astonishment,  he  instantly  put  in  execution» 
and  with  so  little  dfficulty^  that  we  followed  htm  without  hesita- 
tion, having  felt  no  other  inconveniencj  than  what  proceeded  from 
the  violence  of  the  heat  on  our  legs  and  feet ;  the^rust  of  the  lava 
wassotough*  I>e8ide8  being  loaded  with  cinders  and  scorics,  that 
our  weight  made  not  the  least  impression  on  it,  and  its  motion  was 
so  slow,  that  we  were  not  in  any  danger  of  losing  our  balance  and 
ialling  on  it :  however,  this  experiment  should  not  be  tried  except 
ia  cases  of  real  necessity ;  and  I  mention  it  with  no  other  view  than 
to  point  out  a  possibility  of  escaping,  sl\ould  any  one  hereafter, 
apon  such  an  expedition  as  ours,  have  the  misfbrttine  to  be  inclosed 
between  two  currents  of  lava* 

Havii^  thus  got  rid  of  the  troublesome  heat  and  smoke,  we 
coasted  the  river  of  lava  and  its  channels  up  to  its  very  souroe, 
within  a  quarter  of  a  mile  of  the  crater.  The  liquid  and  r^d-hot 
matter  bubbled  up  violently,  with  a  hissing  and  crackling  noise, 
like  that  which  attends  the  playing  ^of  an  artificial  firework ;  and, 
by  the  continual  splaghing  up  of  the  vitrified  matter,  a  kind  of  arch 
or  dopie  was  formed  over  the  crei^ce  from  winch  the  lava  issued. 
It  was  cracked  in  many  parts,  and  appeared  red-hot  within,  like  an 
heated  oven  :  this  hollowed  hillock  might  be  about  fifteen  feet  high, 
and  the  lava  that  ran  from  under  it  was  received  into  a  regular 
channel,  rmsed  upon  a  sort  of  wall  of  scori4e  and  cinders,  almost 
perpendicularly,of  about  the  height  of  eight  or  ten  feet,  resembiiag 
much  an  ancient  aqueduct. 

We  then  went  up  to  the  crater  of  the  volcano,  in  which  we  found, 
as  usual,  a  little  mountain  throwing  scoru  and  red-hot  matter  with 
loud  explosions  ;  but  the  smoke  and  smell  of  sulphur  was  so  mto- 
lerable,  that  we  were  under  the  necessity  of  quitting  that  curious 
spot  with  the  utmost  precipitation. 

In  another  of  my  excursions  to  Mount  Vesuvius  last  year,  I  picked 
up  some  firagments  of  hirge  and  regular  crystal?  of  close*grain^d 
lava  or  basalt,  the  diameter  of  which*  when  the  prisms  were  com- 
pbte,  m|iy  have  been  eight  or  nme  inches.  As  Vesuvius  does  not 
exhibit  any  lavas  regularly  crystallized,  and  forming  what  are  vul- 
garly called  Giants  Causeways  (except  a  lava  that  ran  into  the  sea 

♦  Bartdlomeo,  the  Cyclops  of  Vesuvius,  who  has  attended  me  on  all  my 
cxpcditieiuto  the  monntaio,  and  who  is  an  excellent  guide. 
VOL.  U  2  A 
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iiear  Torre  del  Greco  in  1631,  and  which  in  a  small  degree  bas  svcfa 
,  an  appearance);  this  discovery  gave  me  tlye  greatest  pleasure  *• 

After  this  slight  sketch  of  the  most  remarkable  events  on  Vesu- 
vius since  the  year  1767,  which  I  flatter  myself  will  not  be  unac- 
ceptable, as  it  may  serve  to  connect  what  I  am  going  to  relate  with 
what  bas  already  been  communicated  to  the  Society  in  my  former 
letters  on  the  same  subject*  I  come  to  the  account  of  the  late 
eruption,  which  affords  indeed  ample  matter  for  curious  speculation. 

As  many  poetical  descriptions  of  this  eruption  will  not  be  wanting, 
I  shall  confine  mine  to  simple  matter  of  fact  in  plain  prose,  and 
endeavour  to  convey  to  you«  Sir,  as  clearly  and  as  distinctly  as  I  am 
able,  what  I  saw  myself^  and  the  impression  it  made  upon  me  at 
the  time,  without  aiming  in  the  least  at  a  flowery  style. 

The  usual  symptoms  of  an  appijoaching  eruption,  such  as  rumbling 
noises  and  exploaons  within  the  bowels  of  the  volcano,  a  quantity 
of  smoke  issuing  with  force  from  its  crater,  accompanied  at  times 
with  an  emission  of  red-hot  stort^  and  ashes,  were  maoi£est^  more 
or  less,  during  the  whole  month  of  July  ;  and  towards  the  end  of 
the  mouthy  those  symptoms  were  increased  to  such  a  degree  as  to 
exhibit  in  the  night-time  the  most  beautiful  fire«works  that  can  be 
imagined* 

These  kinds  of  throws  of  red-hot /<ori«  and  other  vokamcmatter, 
which  at  night  are  so  bright  and  luminous,  appear  in  broad  day- 
light like  so  many  black  spots  in  the  midst  of  the  white  smoke  ;  and 
it  is  this  circumstance  that  occasions  the  vulgar  and  fal^e  supposition , 
that  volcanoes  bum  much  more  violently'  at  night  than  in  the 
day-time. 

On  Thursday,  the  5th  of  August  last^  about  two  o'clock  in  the 
afternoon,  I  perceived  from  my  villa  at  Fausilipo  in  the  bay  of 
Naples,  from  whence  I  have  a  full  view  of  Vesuvius  (which  is  just 


•  As  die  fragments  of  basalt  colmnns,  which  I  foiAid  on  the  coile  of  Vesu- 
vius, had  been  evidently  thrown  ont  of  its  crater,  may  not  lava  be  more  subject 
to  crystallize  within  the  bowels  of  a  volcano^  than  after  its  emission,  and  hav- 
ing  been  expoeed  to  the  <^n  air  ?  And  may  not  many  of  the  Giants'  Gknse- 
ways,  already  discovered,  be  the  mcUi  of  volcanic  mountains,  whose  lighter 
and  less  solid  parts  may  have  been  worn  away  by  the  hand  of  time  ?  Mr.  Ri«- 
jaisde  St.  Fond,  in  his  curious  book  lately  published,  and  intitled,  <*Recber^ 
cbes  sur  les  Vofcains  eteints  du  Vivarais  et  du  Velay,"  gives  (p.  286)  an  example 
of  basalt  columns,  that  are  placed  deep  within  the  crater  <^  an  extinguished 
vokanoL 
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Opposite,  and  at  tfae  distabce  of  about  six  miles  in  a  direct  liiie  from 
it)  that  the  vokano  was  iii  a  most  violent  agitation :  a  white  and 
sulphureous  sinoke  issued  conthmsdly  and  impetuously  from  its 
cmter»  one  puff  impelling  another,  and  by  an  accumulation  of 
those,  clouds  of  smoke  resembling  bales  of  the  whitest  cotton. 
Such  a  mass  of  them  was  soon  piled  over  the  top  of  the  volcano  as 
eicceedied  the  height  and  size  of  the  mountain  itself  at  least  four 
times.  In  the  midst  of  this  very  white  smoke,,  an  immense  (quantity 
Off  stones,  scoria,  and  ashes,,  were  shot  up  to  a  wonderful  height, 
certainly  not  less  than  two  thousand  feet.  I  could  abd  perceive,  by 
the  help  of  one  of  Ramsden's  most  excellent  refracting  telescopes, 
at  tunes,  a  quantity  of  liquid  lava,  seemingly  very  weighty,  just 
heaved  up  high  enough  to  clear  the  rim  of  the  crater,  and  then  take 
its  course  impetuoudy  down  the  steep  side  of  Vesuvius,  opposite  to 
Somma.  Soon  after  a  lava  broke  out  on  the  same  side  from  about 
the  middle  of  the  conical  pait  of  the  volcano,  and,  having  run  with 
violence  some  hours,  ceased  suddenly,  just  before  it  had  arrived 
at  the  cultivated  parts  of  the  mountain  above  Portici,  near  four 
miles  from  the  spot  where  it  issued. 

During  this  day's  eruption,  as  I  have  been  credibly  informed 
since,  the  beat  was  intolerable  at  the  towns  of  Somma  and  Ottaiauo ; 
and  was  likewise  sensibly  felt  at  Palma  and  Lanro,  which  are  much 
fiirther  from  Vesuvius  than  the  former.  Mmute  ashes,  of  a  reddish 
hue,  fell  so  thick  at  Sonmia  and  Ottaiano,  that  they  darkened  the 
air  in  such  a  manner  that  objects  could  not  be  distinguished  at 
the  distance  of  ten  feet  Long  filaments  of  a  vitrified  matter  like 
^un^glass  were  mixed  and  fell  with  these  ashes*;  and  the  sulphu- 
recttis  smoke  was  so  violent,  that  several  birds  in  cages  were  suflfo- 
cated,  the  leaves  of  the  trees  in  the  neighbourhood  of  Somma  and 

•  During  an  eruption  of  the  volcano  in  the  Isle  of  Bourbon  in  1766,  some  inile$ 
of  country,  at  the  distance  of  six  leagues  from  that  volcano,  were  covered  with 
9  flexible,  capiUary,  yeUow  (lass,  some  pieces  of  which  were  two  or  three  feet 
longf  with  onaU  vitreous  ^obules  at  a  little  distance  one  from  the  other.  Count 
BulTon  shewed  me  some  of  this  ciq^illary  and  Aexible  glass,  which  is  preserved 
in  the  Royal  Museum  at  Paris,  and  which  perfectly  resembles  the  filaments 
of  vitrified  matter  which  feU  at  Otitaiano  and  in  other  parts  on  the  borders  of 
Vesuvius  during  this  eruption.  Sorrentino,  in  his  Istoria  del  Vesuvio,  pub- 
lished at  Naples  in  1734,  liltewise  mentions  vitrified  matter,  like  herbs  and 
gtmw,  beiag  foand  on  the  ground  in  the  neighbourhood  of  Vesuvius  during  an 

emption  of  that  mountain  in  the  year  17^. 
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Ottaiaoo  were  covered  with  white  salts  very  corrosive.  About  twir 
o'clock  in  the  afternoon,  an  extraordinary  globe  of  smoke,  of  a  very 
great  diameter,  was  distinctly  perceived,  by  many  of  the  inhabitants 
of  Portici,  to  issue  from  the  crater  of  Vesuvius,  and  proceed  hastily 
towards  the  mountain  of  Sonmia,  against  which  it  struck  and  dis- 
persed itself,  having  left  a  train  of  white  smoke,  marking  the  eourse 
it  had  taken :  this  train  I  perceived  plainly  from  my  villa,  as  it  lasted 
some  minutes ;  but  1  did  not  see  the  globe  itself. 

A  poor  labourer,  who  was  making  faggots  on  the  mountain  of 
Sompua,  lost  his  life  at  this  time,  and  his  body  not  having  been 
found,  it  is  supposed  that,  suffocated  by  the  smoke,  he  must  have 
fallen  into  the  valley  from  the  craggy  rocks  on  which  he  was  at 
work,  and  been  covered  by  the  current  of  lava  that  took  its  course 
through  that  valley  soon  after.  An  ass,  that  was  waiting  for  its 
master  in  the  valley,  left  it  very  judiciously  as  soon  as  the  mountain 
became  violent,  and,  arriving  safe  home,  gave  the  first  alarm  to  this 
poor  man's  femily. 

It  was  generally  remarked,  that  the  explosions  of  the  volcano  were 
attended  with  more  noise  during  this  day's  eruption  than  In  any  of 
the  succ^ding  ones,  when,  most  probably,  the  mouth  of  Vesuvius 
was  widened,  and  the  volcanic  matter  had  a  fire«r  passage.  It  is 
certain,  however,  that  the  great  eruption  of  1767  (which  ia  every 
other  respect  was  mild,  when  compared  to  the  late  violent  eruption) 
occasioned  much  greater  concus»ons  in  the  air  by  its  louder 
explosions. 

Friday,  August  the  6th,  the  fermentation  in  the  mpvntain  «ra8  les^ 
violent ;  but,  about  noon,  there  was  a  loud  rqwrl,  at  which  time  it 
vras  supposed,  that  a  portion  of  the  little  mountain  within  the 
crater  had  fallen  in.  At  night  the  throws  from  the  crat^  increased^ 
and  proceeded  evidently  from  two  separate  mouths,  which  emitting 
red-hot  scoruSf  and  in  different  directions,  formed  a  most  beautiful 
and  almost  continued  fire^work. 

On  Saturday,  August  th%  /th,  the  vcdeano  rtoBMed  much  in  the 
same  state;  puU  about  twelve  o'clock  at  night,  its  fermentetton 
increased  greatly.  The  second  fever-fit  of  the  mountain  may  b6 
said  to  have  manifested  itself  at  this  time.  I  was  watchkig  its  ma» 
tions  from  the  mole  of  Naples  which  ha^  a  full  vifsw  of  the  volcano, 
and  had  been  witness  to  several  glofbus  pi^uresque  effects  produced 
by  the  reflection  of  the  deep  red  file,  which  issued  from  the  crater 
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of  VesuvinSy  aud  mounted  up  m  the  midst  of  the  huge  clouds,  when 
a  summer  storm,  called  here  a  iropea,  came  on  suddenly,  and 
blended  its  heavy  watery  clouds  with  the  sulphureous  and  mineral 
ones,  which  were  already  like  so  many  other  mountains  piled  over 
the  summit  of  the  volcano ;  at  this  moment  a  fountain  of  fire  was 
shot  up  to  an  incredible  height,  casting  so  bright  a  light,  that  the 
smallest  objects  could  be  clearly  distingubhed  at  any  place  within 
six  miles  or  more  of  Vesuvius* 

The  black  stormy  clouds  passing  swiftly  over,  and'  at  times  cover- 
ing the  whole  or  a  part  of,  the  bright  column  of  fire,  at  other  times 
clearing  away,  and  giving  a  full  view  of  it,  with  the  various  tints  pro- 
duced by  its  reverberated  light  on.  the  white  clouds  above,  in  con* 
trast  with  the  pale  flashes  of  forked  lightning  that  attended 
the  tropea,  formed  such  a  scene  as  no  power  of  art  can  ever 
express. 

That  which  followed  the  next  evening  was  surely^much  more  for« 
midable  and  alarming ;  but  this  was  more  beautiful  and  sublime 
than  even  the  most  lively  imagination  can  paint  to  itself.  This  great 
explosion  did  not  last  above  eight  or  ten  minutes,  after  which 
Vesuvius  was  totally  eclipsed  by  the  dark  clouds,  and  there  fell  a 
heavy  shower  of  rain. 

Some  scoruf  and  small  stones  fell  at  Qttaiano  during  this  erup- 
tion, and  some  of  a  very  great  size  in  the  valley  between  Vesuvius 
and  the  Hermitage.  All  the  inhabitants  of  the  towns  at  the  foot  of 
the  volcano  were  in  the  greatest  alarm,  aud  preparmg  to  abandon 
theur  houses,  had  the  eruption  continued  longer. 

One  ofhis  Sicilian  Majesty's  game-keepers,  who  was  out  in  the 
fields  near  Ottaiano  whilst  this  combined  storm  was  at  its  height, 
was  greatly  surprised  to  find  the  drops  of  rain  scald  his  face  and 
hands,  which  phenomenon  was  probably  occasioned  by  the  clouds 
having  acquired  a  great  degree  of  heat  in  passing  through  the  above 
mentioned  column  of  fire.  The  King  of  Naples  did  me  the  honour 
of  informing  me  of  this  curious  circhmstance. 

Sunday,  August  the  8th^  Vesuvius  was  quiet  till  towards  six  o'clock 
m  the  evening,  when  a  great  smoke  began  to  gather  again  over  it9 
crater^  and  about  an  hour  after,  a  rumbling  subterraneous  noise  w^s 
heard  in  the  neighbourhood  of  the  volcano ;  the  usual  throws  of 
red-hot  stooes  and  scorim  began,  and  increased  every  instant.  [  was 
at  this  time  at  Pausilipo,  in  the  company  of  several  <rf  my  country- 
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men,  obsenring  with  good  telescopes  the  curious  phaeDomena  in  the 
crater  of  Vesuvius,  which,  with  such  help,  we  could  dbtinguish  as 
well  as  if  we  had  been  actually  seated  on  the  summit  of  the  volcano. 
The  crater  seemed  much  enlarged  by  the  violence  of  last  night's 
explosions,  and  the  little  mountain  no  longer  existed.  At  about 
nine  o'clock  there  was  a  loud  report,  which  shook  the  houses  at 
Portici  and  its  neighbourhood  to  such  a  degree  as  to  alarm  then:  in- 
habitants, and  drive  them  out  into  the  streets;  and,  as  I  have  since 
seen,  many  windows  were  broken,  and  walls  cracked,  by  the  con- 
cussion of  the  air  from  that  explosion,  though  faintly  heard  at 
Naples. 

In  an  instant  a  fountain  of  liquid  transparent  fire  began  to  rise, 
and,  gradually  increasing,  arrived  at  so  amazing  a  height  as  to  strike 
eveiy  one  who  beheld  it  with  the  most  awful  astonishment.  I  shall 
scarcely  be  credited  when  I  assure  you,  Sir,  that,  to  the  best  of  my 
judgment,  the  height  of  this  stupendous  column  of  fire  could  not  be 
less  than  three  times  that  of  Vesuvius  itself,  which,  as  you  know, 
rises  perpendicularly  near  3/00  feet  above  the  level  of  the  sea*.   * 

Puf&  of  smoke,  as  black  as  clin  possibly  be  imagined,  succeeded 
one  another  hastily,  and  accompanied  the  red-hot,  transparent,  and 
liquid  lava,  interrupting  its  splendid  brightness  here  and  there  by 
patches  of  the  darkest  hue.  Within  these  pu£&  of  smoke,  at  the 
very  moment  of  their  emission  from  the  crater,  I  could  perceive  a 
bright,  but  pale,  electrical  fire,  briskly  playing  about  in  zig-zag 
linesf. 

The  wind  was  S.  W. ;  and  though  gentle  was  sufficient  to  cany 
these  detached  clouds  or-  pufi^  of  smoke  out  of  the  column  of  fiie, 
and  a  collection  of  them,  by  degrees,  formed  a  black  and  extensive 
curtain  (if  I  may  be  allowed  the  expression)  behind  it;  in 
other  parts  of  the  sky  it  was  perfectly  clear,  and  the  stars  were 
bright. 


*  Se  tu  se'  or  letCore,  a  creder  leoto 
C\6f  ch*e  lo  diTbf  non  sariiiiiaiayigHa; 
Che  lo,  che  1'  vidi  $  appena  il  mi  consento. 

Dante  Inf.  Cant.  xxv.  veno  46. 
1 1  mention  this  circamstance  to  prove,  that  the  electrical  matter,  so  mani- 
fest doriag  this  eruption,  actaaHy  proceeded  from  the  bowels  of  the  volcano, 
and  was  not  attnu:ted  from  a  great  height  in  the  air,  and  coodacted  into  its 
crater  by  the  i  vast  colomn  of  smoke. 
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The  fiery  ^oiuitaiiiy  of  so  gigantic  a  size,  upon  the  dark  ground  > 
above  mentioned,  made  the  most  glorious  contrast  imaginable,  and 
the  blaze  of  it  reflected  strongly  on  the  surface  of  the  sea,  which 
was  at  that  time  perfectly  smooth,  added  greatly  to  thb  sublime 
view. 

The  liquid  lava«  maed  with  stones  and  rcarue,  aft^  having 
mounted,  I  verily  believe,  at  the  least  ten  thousand  feet,  was  partly 
directed  by  the  wind  towards  Ottaiano,  and  partly  falling  almost 
peipendicuhirly,  stHl  red*hot  and  liquid,  on  Vesuvius,  covered  its 
whc^e  cone,  part  of  that  of  the  mountain  of  Somma,  and  the  valley 
between  them.  The  falling  matter  being  nearly  as  vivid  and  inflamed 
as  that  vAikh  was  continually  issuing  fresh  from  the  crater,  formed 
with  it  one  complete  body  of  fire>  which  could  not  be  less  than  two 
miles  and  a  ht^f  in  breadth,  and  of  the  extraerdinaiy  height 
above  mentioned,  casting  a  heat  to  the  dbtance  of  at  least  six  miles 
around  it^ 

The  brushrwood  on  the  mountain  of  Somma  was  soon  in  a  blaze, 
which  flame>  being  of  a  difierent  tint  from  the  deep  red  of  the 
matter  thrown  out  of  the  volcano,  and  from  the  silvery  blue 
of  tlie  Metrical  fire,  still  added  to  the  contrast  of  this  most  extraor- 
dinary scene. 

The  black  cloud  mcreasing  greatly  once  bent  towards  Naples,  and 
aeeiped  to  threaten  this  fair  city  with  speedy  destruction ;  for  it  was 
charged  with  electrical  matter,  which  kept  constantly  darting  about 
it  m  strong  and  bright  zig-zags,  just  like  those  described  by  Pliny  the 
younger  in  his  letter  to  Tacitus,  and  which  accompanied  the  great 
eruption  of  Vesuvius  that  proved  fatal  to  his  uncle*.  This  volcanic 
lightning,  however,  as  I  particularly  remark<ed,  very  rarely  quitted 
the  cloud,  but  usually  returned  to  the  great  column  of  fire  towards 
the  crater  of  the  volcano  from. whence  it  originally  camef.    Once 

•  "  Abaltero  latere,  nabes  atra,  etborrenda,  ignei  spiritus  tortis  vibratisque 
dlflcunibiis  nipta,  in  longas  flammarum  figures  debiscebat ;  fblgoribus  ills,  et 
glmiles  et  mi^ores."    Plin.  Epist. 

f  Sorrentino  mentions  the  like  observation,  wbich  be  made  daring  an 
eruption  of  Vesuvius  in  1707,  whenr  the  same  kind  of  black  cloud  bent  over 
Naples  {  these  are  bis  words/  <<  Alle  ore  19,  tuttl  i  cittadini  nelle  oscnre 
tepebre  si  trovarono  in  mezzo  dellie  Saette,  delle  quali,  alcune  vedeaasi  uscir 
dalla  fornace  del  Yesuvio,  e  scorrere  sino  lA  capo  di  Pausilipo,  d*onde  non 
passando  piii  inanei  fuor  la  nnvola  delle  ceneri,  o  divertirsi  altronde,  indietrp 
per  Tistessa  linea  tomarono  a  scopiar  sn  la  fornace,  opde  useirpno :  qual  ^otp 
retrogradomai  ha  potato  inteodere." 
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or  twice,  indeed,  1 8»w  this  lightimig  (or  feriiH,  as  it  b  odled  here) 
Ml  on  tbe  top  of  Somma^  and  set  fire  to  tome  dry  grass  and 
bushes*. 

Fortunately  for  us  the  wind  increasing  from  the  S.  W.  qowter, 
carried  back  the  threatening  cloud  just  as  it  had  reached  the  city, 
and  began  to  occasion  great  ahmii.  All  public  diversions  ceased  in 
an  iastant,  and  the  theatres  bekg  shut,  the  doors  of  the  cburelies 
were  thrown  open.  Numerous  processions  were  formed  in  the 
streets,  and  women  and  children^  with  dishevelled  heads^  filled  the 
aur  with  their  cries,  insbtiug  loudly  upon  the  relics  of  8t.  Jannarios 
being  immediately  opposed  to  the  fury  of,  the  mouutain:  n  short, 
the  popuhice  of  this  great  city  began  to  display  its  usuai  extran^nt 
mixture  of  riot  and  bigotry,  and  if  some  speedy  and  well-timed  pre- 
cautions  had  not  been  taken,  Naples  woold,  perhaps,  have  been  in 
,  more  danger  of  sufferiBg  from  the  irregularities  of  its  lower  class  of 
iphabitants,  than  from  the  an^  volcano. 

But  to  return  to  my  subject :  After  the  column  of  fire  had  con* 
tinned  in  full  force  near  half  an  hour,  the  eruption  «eased  all  at  once, 
and  Vesuvius  remained  sullen  and  silent*.  Alter  the  dazding  fight 
of  the  fiery  fountain  t,  aU  seemed  daric  and  dismal,  except  the  cone 
of  Vesuvius,  which  was  covered  with  glowing  cinders  and  scoridB, 
from  under  which,  at  times,  here  and  there,  small  streams  of  liquid 
lava  escaped,  and  rolled  down  the  steep  sides  of  the  volcano.  This 
scene  put  me  in  mind  of  Martial's  description  of  Etna ; 

CunctajacentJImmnis  ettristimersafaviUd. 
In  the  parts  of  Naples  nearest  Vesuvius,  whilst  the  eruption  lasted, 
a  mixed  smell,  like  that  of  sulphur,  with  the  vapours  of  an  iron 

• 

*  Some  time  after  the  eruption  had  ceased,  the  air  continued  greatly  impreg* 
nated  with  electrical  matter.  The  Duke  of  Cotroeiano,  a  Neapolitan  nobleman 
(ivho,  from  bis  superior  Juoowledge  in  ezperimentel  philosophy  and  mechanics, 
does  honour  to  his  coontry)  told  me,  that  havinf ,  about  half  an  hour  after  the 
great  eruption  had  ceased,  held  a  Leyden  bottle,  armed  with  a  pointed  wire,  out 
of  his  window  at  Naples,  it  soon  became  considerably  charged.  Whilst  the 
eruption  was  in  force,  its  appearance  was  too  alarming  to  allow  one  to 
think  of  such  experiments. 

t  The  light  diffused  by  this  huge  column  of  fire  was  so  strong,  that  the  auMt 
niaute  objects  could  be  discerned  clearly  withii  the  compass  of  ten  miles  or 
more  round  the  mountain.  Mr*  Morris  an  English  gentleman,  tdld  me,  that  at 
Sorrento,  which  is  twelve  miksfirom  Vesuvius,  he  read  tbe  title  page  of  a  book 
by  that  volcanic  light. 


Digitized 


by  Google 


ERUPTIONS  OF  VESVVIU3.  36l 

fi>midery»  was  sensible ;  but  nearer  to  the  mountain  that,  smell  was 
▼ery  ofiensive,  as  I  have  often  found  it  in  my  visits  to  Vesuvius  during 
an  eruption. 

TI1US9  Sir,  have  I  endeavoured  to  convey  to  you  at  least  a  ikint 
idea  of  a  scene  so  glorious  and  sublime  as,  perhaps,  may  have 
never  before  been  viewed  by  hunu^  eyes, 'at  least  in  sueh  per* 
faction. 

I  am  sensible,  from  the  traces  of  them  I  liave  observed  in  the 
volcanic  strata,  which  compose  the  greatest  part  of  this  country,  that 
there  have  been  many  more  considerable  eruptions  than  the  on6  just 
described ;  yet,  most  probably,  those  very  violent  eruptions  must 
either  have  been  attended  with  earthquakes,  and  other  such  alarm- 
ing circumstances,  as  to  make  the  beholders  less  attentive  to  the 
beauty  of  the  scenes  such  phaenomena  ofiered  than  to^  their  own 
safety ;  or  clouds  of  smoke  and  ashes,  as  is  usually  the  case  in  all 
great  eruptions,  must  have  so  far  obscured  the  volcano,  as  to  exhibit 
only  a  confused  mass  of  lire  and  smoke.  ^ 

Whilst  we  had  been  enjoying  the  extraordinary  sight  of  this 
gigantic  fountain  of  liquid  fire  in  perfect  safety,  the  unfortnnate  in* 
habitants  of  the  other  side  of  the  mountain  of  Somma,  particularly  at 
Ottaiaoo  and  Cacciabella^  were  involved  in  that  dark  and  sooty  cloud 
which  formed  so  proper  a  back  ground  to  our  bright  picture,  and 
were  pelt«d  with  stones  and  scoria  of  lava ;  but  I  shall  presently 
give  you  a  particular  description  of  their  truly  distressful  situations, 
just  as  I  had  it  from  many  of  the  poor  sufferers  themselves,  when  I 
visited  that  part  of  the  country  a  few  days  after  this  eruption. 

Monday,  August  the  9tb,  about  nine  o'clock  in  the  morning,  the 
fourth  fever-fit  of  the  mountain  began  to  manifest  itself  by  the  usual 
symptoms,  such  as  a  subterraneous  boiling  noise,  violent  explosions 
of  inflamed  matter  from  the  crater  of  the  volcano,  accompanied  with* 
smoke  and  ashes,  which  symptoms  mcreased  every  instant.  The 
'  smoke  was  of  two  sorts ;  the  one  as  white  as  snow,  and  the  other  as 
black  as  jet 

The  white,  as  described  in  the  former  part  of  this  joiurnal,  rolled 
gently  mass  over  mass,  resembling  bales  of  the  sofiest^cotton ;  and 
the  black  composed  oiscwut  and  minute  ashes  shot  up  with  force  in 
the  midst  of  the  white  smoke,  which)  from  the  minerals,  was  also 
sometimes  tinged  with  yellow,  blue,  and  green.  Presently  such  a 
.  tremendous  mass  of  these  accumulated  clouds  stood  over  Vesuvius 
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as  seemed  to  threaten  Naples  agaiiii  and  actually  made  the  mbim* 
tain  itself  appear  a  molehill 

Thb  day's  eruption  was  similar  to  that  of  Thursday  last»  but  maoj 
degrees  more  violent.  Some  stones^  thrown  near  as  high  as  those 
of  last  nighty  fell  on  the  mountain  of  Somma^  and  set  fire  to  the 
brush«wood  with  which  it  is  covered ;  but  there  being  little  wind, 
and  that  westerly,  the  volcanic  matter  rose  and  fell  in  a  more  per^ 
pendicular  direction,  and  Ottaiano  did  not  suffer  by  this  day*s  erup- 
tion ;  but  most  of  the  inhabitants  of  the  towns,  on  the  borders  of 
Vesuvius,  fled  to  Naples,  alarmed  by  the  tremendous  clouds  and  the 
loud  explosions. 

We  remarked,  that  several  very  large  stones,  after  having  mounted 
to  an  immense  height,  formed  a  parabola,  leaving  behind  them  a 
trace  of  white  smoke  that  marked  their  course :  some  burst  in  the 
ahr  exactly  like  bombs,  and  others  fell  into  the  valley  between  ' 
Somma  and  Vesuvius  without  bursting;  others  again  burst  into 
a  thousand- pyces  soon  after  their  emission  from  the  crater:  they- 
might  very  properly  be  called  volcanic  bombs. 

In  the  smoke  issuing  from  the  crater  of  Vesuvius  we  often 
remarked  a  sudden  brisk  and  quivering  motion,  which  seemed  to 
Gonununicate  itself  instantaneously  from  one  cloud  to  another,  and 
sometimes  affected  those  that  were  very  high  in  the  great  mass  above 
the  volcano.  Though  I  could  not  discern  any  electrical  fire,  yet  I 
make  no  doubt,  but  th^t  the  effect  above  mentioned  was  occasioned 
by  it,  aind  would  have  been  visible  in  the  night-time. 

Upon  tlie  whole,  this  day's  eruption  was  very  alarming ;  until  the 
lava  broke  out  about  two  o'clock,  and  ran  three  miles  between  the 
two  moimtains,  we  were  in  continual  apprehension  of  some  fatal 
event.  It  continued  to  run  about  three  hours,  during  which  time 
every  other  symptom  of  the  mountain  fever  gradually  abated,  and 
at  seven  o'clock  at  night  all  was  calm. 

It  was  universally  remarked,  that  the  air  this  night,  fbr  many  hours 
after  the  eruption,  was  filled  with  meteors,  such  as  are  vulgarly 
called  fidliug  stars ;  they  shot  generally  in  an  horizontal  direction, 
leaving  a  lummous  trace  behind  them,  but  which  quickly  disappeared. 
The  night  was  remarkably  fine,  star-light,  and  without  a  cloUd, 
This  kind  of  electrical  fire  seemed  to  be  harmless,  and  never  to 
reach  the  ground;  whereas  that  with  which  the  black  volcanic 
cloud  of  last  night  was  pregnant  appeared  mischievous,  like  the 


Digitized 


by  Google 


ERUPTIONS  OF  VESUVIUS.  365 

lightning  that  attends  a  severe  thunder  storm,  as  we  should  undoubt- 
edly  have  experienced,  had  the  eruption  continued  longer,  and  the 
cloud  spread  over  Naples.  The  same  kind  of  lightning  proved  fatal 
to  several  people,  and  did  great  damage  within  the  space  of  many 
miles  round  Vesuvius  during  its  great  eruption  of  1631,  as  b  men- 
tioned in  one  of  my  former  letters  on  this  subject. 

During  this  day's  eruption  the  relics  of  St.  Januarius  were  carried 
in  procession,  and  exposed  to  the  furious  mountain  from  t|ie  bridge 
of  the  Maddalena,  amidst  u  prodigious  concourse  of  people,  wh<i 
are  at  this  moment  well  convinced,  that  to  this  ceremony  alone 
Naples  may  attribute  its  happy  escape. 

It  was  from  their  Sicilian  Majesties  palace  at  Pausilipo  that  I 
made  my  observations  on  this  day's  eruption,  and  in  the  presence  of 
their  Miyesties,  who  had  been  pleased  to  send  for  me  in  the  morn- 
ing, as  soon  as  the  volcano  became  turbulent, 

Tuesday,  August  the  10th,  Vesuvius  was  quiet. 

Wednesday,  August  the  11th,  about  six  o'clock  in«the  morning, 
the  fifth  and  last  fever-^t  of  the  mountain  came  on,  and  gradually 
increased.  About  twelve  o'clock  it  was  at  its  height*,  and  very  vio- 
lent indeed,  the  explosions  being  louder  than  those  that  attended 
the  former  eruptions,  we  could  not  judge  of  the  height  of  the  vol* 
lies  of  stones  and  storut,  as  some  rainy  clouds  were  blended  with 
the  volcanic  ones,  and  hid  the  upper  part  of  the  cone  and  crater  of 
Vesuvius  from  our  view. 

The  same  mountains  of  white  cotton-like  clouds,  piled  one  over 
another,  rose  to  such  an  extraordinary  height,  and  formed  such  a 
colossal  mass  over  Vesuvius,  as  cannot  possibly  be  described,  or 
scarcely  imagined.  It  may  have  been  horn  a  scene  of  this  kind, 
that  the  ancient  poets  took  their  ideas  of  the  giants  waging  War  with 
Jupiter. 

About  five  o'clock  m  the  evening  the  eruption  ceased ;  some  rain 
having  fallen  this  day,  ilrhich  having  been  greatly  impregnated  with 
the  corrosive  salts  of  the  volcano,  did  much  damage  to  the  vines  in 
its  neighbourhood. 

Thursday  and  Friday,  the  12th  and  13th  of  August,  Vesuvius 

*  It  has  been  remarked  by  the  oldest  people  in  the  neighbourhood  of  Vesn- 
▼ivs,  that  in  its  emptions  the  volcano  is  subject  to  a  crisis  at  noon  and  mid- 
night ;  and,  indeed,  from  my  own  observatioDi  I  believe  that  remark  to  be 
wen-fonnded. 
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continued  to  smoke  considerably,  and  at  times  slight  explosions  were 
heard^  like  cannon  at  a  great  distance ;  but  there  have  been  no  more 
throws  from  its  crater^  nor  any  streams  of  lava  from  its  flanks,  since 
Wednesday  last. 

On  Saturday,  Augnst  the  15th,  I  went,  accompanied  by  Count 
Lamberg,  the  Imperial  Minister  at  this  Court,  to  visit  Ottaiano  and 
Caccia-bella,  the- district  which  had  been  most  severely  treated  by 
the  heavy  and  destructive,  shower  of  volcanic  matter  from  the  crater 
of  Vesuvins  last  Sunday  night. 

Soon  after  havibg  passed  the  town  of  Somma,  we  began  to  per- 
ceive, that  the  heat  of  the  fiery  shower,  which  had  fallen  in  its 
neighbourhood,  had  afiected  the  leaves  of  the  trees  and  vines,  which 
we  found  still  more  parched  and  shrivelled  in  proportion  as  we  ap- 
proached the  town  of  Ottaiano,  which  may  be  about  three  miles 
from  Somma.  At  about  the  distance  of  a  mile  from  Sonoma,  we 
began  to  perceive  fresh  ckickrs  or  scorie  of  lava,  thmly  scatter  ed 
on  the  road  and  in  the  fields.  Every  step  we  advanced  we  found 
them  of  a  larger  dimension,  and  in  greater  abundance.  At  the  dis- 
tance of  a  mile  and  a  half  fi-om  Ottaiano,  the  soil  was  totally  covered 
by  thefi,  and  the  leaves  and  fruit  were  either  mtirely  stripped  from 
the  trees,  or  remained  thinly  on  them,  shrivelled  and  dried  up  by 
the  intense  heat  of  the  volcanic  shower.  • 

After  having  passed  through  the  most  fertile  country^  abounding 
with  trees  loaded  with  fruits  of  every  kind,  and  the  most  luxuriant 
vegetation^  through  gay  villages  crouded  with  chearinl  inhabitants, 
to  come  at  once  to  such  a  scene  of  desolation  and  misery,  affording 
to  our  view  nothmg  but  heaps  of  Mack  cinders  and  ashes,  blasted 
trees,  ruined  houses,  with  a  few  of  their  scattered  inhabitants  just 
returned  with  ghastly,  dismayed  countenances,  to  survey  the  havock 
done  to  their  tenements  and  habitations,  and  from  which  they  them* 
selves  had  with  much  difiiculty  escaped  alive  on  Sunday  last,  was 
such  a  melancholy  scene  as  csui  neither  be  described  or  forgotten. 

We  found  the  roof  of  his  Sicilian  Majesty's  sporting-seat  at  Caccm* 
bella  much  damaged  by  the  fall  of  large  stones  and  heavy  sforue, 
sem^e  of  which,  after  having  been  broken  by  their  fall  through  the 
roof,  still  weighed  upwards  of  t^hty  pounds.  This  place,  in  a  direct 
line,  cannot  be  less  than  four  miles  from  the  crater  of  Vesurius. 

The  most  authentic  accounts  have  been  received  of  the  fidl  of 
small  volcanic  stones  and  cinders  (some  of  which  weighed  two 
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ounces),  at  Benel^eiito,  Foggia,  and  Monte  Milcto,  upwards  of  thirty 
miles  from  Vesuvius  * ;  but  what  is  most  extraordinary  (sis  there  was 
but  little  wmd  during  the  eruption  of  the  8th  of  August)  minute 
ashes  fell  thick  that  very  night  upon  the  town  of  Manfredoflia>  which 
Is  at  the  distance  of  an  hundred  miles  from  Vesuvius  f. 

These  facts  seem  to  confirm  the  extreme  supposed  height  of  the 
column  of  fire  that  issued  from  the  crater  of  Vesuvius  last  Sunday 
nighty  and  are  greatly  in  suf^ort  of  what  we  find  recorded  in  the 
hktory  of  Vesuvius  with  respect  to  the  Ml  of  its  ashes  at  an 
amaeing  distance,  and  in  a  short  space  of  time,  during  its  violent 
eruption* 

We  proceeded  from  Cacciai-bella  to  Ottaiano,  which  is  a  mile 
iKarer  to  Vesuvius,  and  is  reckoned  to  contain  twelve  thousand  inha* 
lHtants«  Nothmg  could  be  more  dismal  than  the  sight  of  this  town> 
imrooiedy  half  buried  under  black  fcaria  and  ashes,  all  the  windows 
towards  the  mountain  broken,  and  some  of  the  houses  themselves 
burnt^  the  streets  ehoaked  up  with  these  ashes  (in  some  that  were 
narrow,  the  siraium  was  not  less  than  four  feet  thick),  and  a  few 
of  the  inhabitants  jmt  returned  were  employ<ed  in  clearing  theni 
away,  and  piling  up  the  ashes  in  hillocks  to  get  at  their  ruined 
houses.  Others  were  assembled  in  little  groups,  inquiring  after  their 
firiends  and  neighbours,  relating  each  other's  woes,  crossing  them- 
aelves,  and  llfitng  up  their  eyes  to  Heaven  when  they  mentioned 
their  miraculous  escapes.  Some  monks,  who  were  in  their  /Donvent 
dnring  the  whole  of  the  horrid  shower,  gave  us  the  following  parti* 
ctdarsy  which  tiiey  related  with  solemnity  and  precisimi. 

The  mountam  of  Somma,  at  the  foot  of  which  Ottaiano  is  situated. 


*  The  prince  of  Monte  Mileto  told  me,  tkat  bis  son,  the  Duke  of  Popoliy 
who  was  at  Monte  Mileto  the  8th  of  August,  had  bl^n  alarmed  by  the  shower 
•f  ciaders  that  felt  there,  some  of  whieh  he  had  sent  to  Naples,  weighing  two 
muces;  and  that  stones  of  an  ounce  had  fallen  upon  an  estate  of  his  ten  miles 
fiuther  off.    Moote  Mileto  is  about  thirty  miles  from  the  volcano. 

f  The  Abb6  Galliani,  well  known  in  the  literary  world,  told  me,  that  his 
lister,  a  nun  in  a  convent  at  Manfredonia,  had  wrote  to  enquire  after  him, 
'  iaa^iniai;  tet  Naples  aiiist  have  been  destroyed,  when  they,  at  so  great  a  disr 
iaaee^  had  heen  so  much  alaimed  by  a  shower  of  minute  ashes,  which  fell  on 
thai  city  at  eleven  o'clock  at  night,  the  8th  of  August,  as  to  open  all  the 
charehet,  and  go  to  prayers.  As  the  great  eruption  happened  at  nine  o'clock 
mi  night,  the  ashes  aiiist  have  travelled  an  hundred  miles  within  the  short  space 
•ftwohoan. 
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hides  Vesavios  from  its  sight,  so  that  till  the  eraptioD  became  coiisi<» 
derable  it  was  not  visible  to  them*  On  Snnday  night,  when  the  noise 
increased,  and  the  fire  began  to  appear  abpve  the  mountain  of 
Somma,  many  of  the  inhabitants  of  thb  town  flew  to  the  churches, 
and  others  were  preparing  to  quit  the  town,  when  a  sudden  violent 
report  was  heikrd;  soon  after  which  they  found  themselves  involved  in 
a  thick  cloud  of  smoke  and  muiute  ashes :  a  horrid  clashing  noise  was 
heard  in  the  air,  and  presently  fell  a  deluge  of  stones  and  large  scoruBp 
some  of  which  seorkc  were  of  the  diameter  of  seven  or  eight  feet,  and 
must  have  we^hed  more  than  an  hundred'^unds  befiM«  they  were 
broken  by  their  fall,  as  some  of  the  fragments  of  them,  which 
I  picked  up  in  the  streets,  still  weighed  upwards  of  sixty  pounds. 
When  these  large  vitrified  masses  either  struck  against  one  another 
in  the  air,  or  fell  on  the  ground,  they  broke  in  many  pieces, 
and  covered  a  large  space  around  them  with  vivid  sparks  of  fire^ 
which  communicated  their  heal  to  every  thing  that  was  combustible^ 
In  an  instant  the  town,  and  country  about  it,  was  on  fire  In  many 
parts ;  for  in  the  vineyards  there  were  several  straw  huts,  which  had 
been  erected  for  the  watchmen  of  the  grapes,  all  of  which  were 
burnt.  A  great  magazine  of  wood  in  the  heart  of  the  town  was  aU 
in  a  blazcj  and,  had  there  been  much  wind,  the  flames  must  have 
s|H:ead  universally,  and  all  the  inhabitants  would  have  inlallibly  been 
burnt  in  their  houses,  for  it  was  impossible  for  them  to  stir 
out.  Some  who  attempted  it  witli  pillows,  tables,  chairs^  the  tops 
of  wine  casks,  &c.  on  their  heads*  were  either  knocked  down,  or 
soon  driven  back  to  their  close  quarters  under  arches,  and  in  the 
cellars  of  their  houses.  Many  were  .wounded,  but  only  two  persons 
have  died  of  the  wounds  they  received  from  this  dreadful  volcanic 
showejr.  To  add  to  the  horror  of  the  scene,  incessant  volcanic 
lightning  was  whisking  about  the  black  cloud  that  surrounded 
them,  and  the  sulphureous  smell  and  iieat  would  scarcely  allow  thera 
to  draw  their  breath. 

In  this  itiiserable  and  alarming  situation  they  remained  about 
twenty-five  minutes,  when  the  volcanic  storm  ceased  all  at  once, 

♦  The  masses  were  formed  of  (he  liquid  lava,  the  exterior  parts  of  which  had 
become  black  and  porous  by  cooling  in  the  long  traverse  they  had  made  thrbi^ 
the  air,  whilst  the  interior  parts,  less  exposed,  retained  ao  extreme  heat,  and 
were  perfectly  red. 
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«nd  the  frightened  inhabitaDts  of  Ottaiaiio^  apprehending  a  fresh 
ttttack  from  the  turbulent  mountain,  hastily  quitted  the  country^ 
after  having  deposited  the  sick  and  bed-ridden,  at  their  own  desire, 
in  the  churches. 

Had  the  eruption  lasted  an  hour  longer,  Ottaiano  must  have  re- 
mained exactly  in  the  state  of  Pompeia>  whice  was  buried  under  the 
ashes  of  Vesuvius  just  I7OO  years  ago,  with  most  of  its  inhabitants, 
whose  bones  are  to  this  day  frequently  found  under  arches  ]and  in 
the  cellars  of  the  houses  of  that  ancient  city. 

We  were  told  of  maby  miracles  that  bad  ^been  wrought  by  the 
images  of  saints  at  this  place  during  the  late  dbaster  ;  |>ut  as  they 
are  quite  foreign  to  my  purpose,  I  shall,  as  usual,  pass  them  over 
in  silence. 

The  palace  of  the  Prince  of  Ottaiano  is  situated  on  an  eminence 
above  the  town,  and  nearer  the  mountain,  the  steps  leading  up  to 
it,  being  deeply  covered  with  volcanic  mattei*,  resembling  the  cone 
of  Vesuvius,  and  the  white  marble  statues  on  the  balustrade  made  a 
singular  appearance  peeping  from  under  the  black  ashes,  which  had 
entirely  covered  both  the  balustrade  and  their  pedestals.  The  roof 
of  the  palace  was  totally,  destroyed,  and  the  windows  were  broken  ; 
but  the  house  itself,  being  strongly  built,  had  not  suffered  much. 

We  had  an  opportunity  of  seeing  here  exactly  the  quality  of  the 
dreadful  shower,  as  the  volcanic  matter,  which  broke  through  the  roof 
of  the  palace,  and  fell  into  the  garrets  on  the  balconies  and  in  the 
courts,  had  not  been  removed.  It  was  composed  of  the  sconce  of 
fresh  lava  much  vitrified,  great  and  small,  mixed  with  fragmeuts  of 
ancient  solid  lavas  of  different  sorts  ;  many  pieces  were  enveloped 
by  tlie  new  lava,  which  formed  a  crust  about  them ;  and  others 
were  only  slightly  varnished  by  the  fresh  lava.  These  kind  of  stones 
being  very  compact^  and  some  weighing  eight  or  ten  pounds,  mdst 
have  fdSien  with  greater  force  than  the  heavier  scorUc,  which  were 
very  porous^  and  had  the  great  surface  above  mentioned. 

The  palace  of  Ottaiano  is  built'on  a  thick  stratum  of  ancient  lava, 
which  ran  from  the  mountain  of  Sonmia  when  in  its  active  volcanic 
state.  Under  this  stratum  we  were  shewn  three  grottoes,  from 
which  issues  a  constant  extreme  cold  wind,  and  at  times  with  im- 
petuosity, and  a  noise  like  water  dashing  upon  rocks,  lliey  are 
shut  up  with  doors  like  cellars^  and  are  made  use  of  as  such«  as 
also  to  keep  provbions  fresh  and  to  cool  liquors.     I  had  never  seen 
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these  ventaroli  before.  In  my  letter  to  Dr.  Maty,  upon  the  nature 
of  the  soil  round  Naples,  I  bavje  mentioned  others  of  the  same 
kind  that  I  had  met  with  on  Vesuvius,  Etna,  and  in  the  island  «f 
Ischia*. 

We  observed,  that^he  tract  of  country  completely  covesvd  with 
a  stratum  of  the  volcanic  matter  above-mentionedj  was  about  two 
miles  and  a  half  broad,  and  as  much  in  length,  in  which  space  the 
vines  and  fruit  trees  were  totally  stripped  %f  theur  leaves  and  fruit, 
and  had  the  appearance  of  being  quite  burnt  np ;  but,  to  my  great 
surprize,  jbavuig  visited  that  country  again  two  days  ago,  I  saw 
those  very  trees,  which  were  apple,  pear,  peach,  and  apricot,  in 
blossom  again,  and  some  with  the  fruit  already  formed,  and  of  the 
i^ize  of  hazel-nuts.  The  vines  there  had  also  put  forth  fresh  leaves, 
and  were  in  bloom.  Many  foxes,  hares,  and  other  game,  were 
destroyed  by  the  fiery  shower  in  the  district  of  Somma  and 
Ottaianof. 

His  Sicilian  Majesty,  whose  goodness  of  heart  inclines  him  on  all 
occasions  to  shew  his  benevolence  and  assist  the  unfortunate,  has 
ordered  a  considerable  sum  of  money  to  be  distributed  among  the 
unhappy  sufferers  of  Ottaiano  and  its  neighbourhood* 

On  the  18th  of  September  I  went  upon  Mount  Vesuvius,  accon. 
panied  by  Lord  Herbert  and  my  usual  guide.  We  could  not  possi- 
bly reach  its  crater,  being  covered  with  a  thick  smoke,  too  sulphu* 
reous  and  offensive  to  be  encouut^ered  ;  neither  would  it  have  been 
prudent  to  have  ventured  up,  had  there  not  been  that  impediment, 
as  it  was  evident,  from  the  loud  reports  we  heard  from  time  to  time, 
that  there  existed  still  a  great  fermentation  within  the  bowels  of  the 
volcano.  We  therefore  contented  ourselves  with  examining  the 
effects  of  the  late  extraordinary  eruption  on  its  cone,  and  in  the 
valley  between  it  and  the  mountain  of  Somma. 
■ — '  '^  r    '■ 

•  At  Cesi,  in  the  Roman  State,  towards  the  Adriatic,  there  are  many  such 
ventaroU  ;  and  the  inhabitants  of  that  town,  by  means  of  leaden  pipes,  conduct 
the  fresh  air  from  them  into  the  very  rooms  of  their  houses,  so  that  by  (mning  a 
cock  they  can  cool  them  to  any  degree.  Some  who  haye  reSoed  still  more 
upon  this  luxury,  by  smaller  pipes,  bring  this  cold  air  under  the  dining  table, 
so  as  to  cool  the  bottle  of  liquor  upon  it. 

+  Having  had  the  honour  of  being  on  a  shooting  party  lately  with  the  Kin^ 
of  Naples,  at  the  foot  of  Vesuvius  and  Somma,  several  dead  hares  were  found, 
and  we  killed  others  whose  backs  were  quite  bare,  the  fur  having  been  singed 
off  thtm  by  the  hot  ashes. 


Digitized 


by  Google 


EBU^TIOKS   OF    V£8UVIUSi  SOQ 

Tlie  conical  part  of  Vesuvius  is  now  covered  with  fragments  of 
hv^skod  scoria^  which  makes  the  ascent  much  more  difficult  and 
tfOttUesome  than  when  it  was  only  covered  with  minute  ashes.  — 
The  particularitv  of  this. last  eruption  was,  that  the  lava  which 
usually  ran  out  of  the  6anii$  of  the  volcano,  forming  cascades,  ri- 
vers, and  rivulets  of  liquid  "fire^  was  now  chiefly  thrown  up  from 
its  crater  in  the  form  of  a  gigantic  fountain,  of  fire,*  which  falling 
still  in  some. degree  of  fusion  has,  in  a  manner,  cased  up  the  conical 
|Mirtof  Vesuvius  with  a  j/ra/»in  of  hard  scorue;  on  the  side  next  the 
mountain  of  Sooima,  that  strutum  is  surely  more  than  oije  huudred 
feet  thick, .forming  a  liigh  ridge.  The  valley  between  Vesuvius  and 
Somma  has  received  such  a  prodigious  quautity  of  lava  and  other 
volcanic  matter  4urii^  Uus  last  eruption,  that  it  is  raised,  as  is  iii4i- 
gined,  two  liundred  and  fifty  feet  or  more*  Three  iuich  eruptions 
as  the  last  would  completely  fill  *  up  the  valley^  and  by  uniting  Ve« 

*  Sorrentino  meotioiis,  in  his  Istoria  del  Yesuvio,  t^t  Uie  volcano  in  16T0 
vented  itself  in  the  like  manner.  '*  Non  a  torrenti  modo  mando  fuori  le  sae 
viscere,  ma  tutti  in  aria  menolla*'*  Such  wonderfal,  violent;  and  sodden 
emissions  of  liquid  lava  most  have  been  occasioned  by  some  accidental  and  ex* 
tnuM^hiary  cause  ;  and  I  was  ificUned  to  think,  that  a  sudden  conmmiicatioD 
of  water  with  the  lava  ia/usioa  might  be  the  occasion  of  such  a  phenomenon, 
particolarly  as  we  know  that  pools  of  rain-water  have  been  found  formerly  in 
OQverns  within  the  bowels  of  Vesuvius  ;  and  that  a  river,  supposed  to  be  that 
anciently  called  Draco,  and  which  was  buried  by  an  ancient  eruption,  burst 
out  some  years  ago  with  such  force,  from  under  a  stratum  of  lava  at  Torre  de^ 
Grecp,  as  to  besnflkient  to  turn  mHls  there;  bnt  a  late  carious  eqieriment, 
iaenti«iied  by  Motu.  4e  Faiyas,  in  his  Recki^iches  lur  les  Volcans  eteints, 
jft.  1^,  «e9ni9  te  contradict  my  supposition ;  and  that  water  introduced  to  the 
furnace  of  a  volcano,  finding  there  a  more  rarified  air,  would  not  produce  an 
explosion.  Mons.  Deslandes,  Director  of  the  Royal  Manufacture  of  Looking- 
glass  at  St.  Gobin,  made  the  following  experiment  In  1768,  in  the  presence  of 
the  Dtri^e  de  la  RoHiefouaMlt,  Moni.  de  Faiffas,  and  others.  He  poured 
»ome  xvmter  upon  a  quantity  of  glass  in  faslon,  and  which  had  been  in  that  state 
io  the  crucible  for  twelve  hours.  The  water  did  not  occasion  the  least  fermen- 
tation I  bnt,  on  the  contrary,  rolled  upon  its  surface,  without  even  producing 
any  smoke,  and  after  having  become  seemingly  r^d-hot,  like  the  metal  in  fu- 
sion, disappeared  in  about  three  minutes,  without  having  occasioned  the  least 
explobib^  If  the  great  emisti^M  of  Uuvaaboifieneatioocd  were  not  then  pc- 
cati«Md  >by  waiter  niaciiig  with  the  la»a»  may  not  they  have  been  profluced  by 
violent  aubterraaeoas  exhalations  having  forced  their  way  into  the  cauldron  of 
the  volc^o  (if  I  may  be  allowed  the  expression)  replete  with  matter  in  fusion, 
and  blown  its  whole  contents,  with  whatevifr  opposed  its  passage,  at  onoe  into , 
the  air  ? 
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sttvins  and  Somma,  form  them  into  one  roonntaiD,  as  the^f  most 
probablv  were  before  tlie  great  eruption  in  tbe  reign  of  Htm.  In 
ihorty  I  fouiid  the  whole  iace  of  Vesuvius  changed.  Those  carious 
channels,  in  which  the  lava  ran  in  the  month  of  May  last,  are  all 
buried.  The  volcano  appears  to  have  likewise  increased  in  height ; 
the  form  of  the  crater  is  c'  inged,  a  great  piece  of  its  rim  towards 
Somma  being  wanting  ;  and  on  the  side  towards  the  sea  it  is  also 
broken.  There  are  some  very  large  cracks  towards  the  point  of  thie 
cone  of  the  volcano,  which  makes  it  probable^  that  more  of  the  bor- 
ders of  the  crater  will  fall  in.  The  ridge  of  fresh  volcanic  matter  on 
the  cone  of  Vesuvius  towards  Sonrnia,  and  the  thick  stratum  in  the 
valley,  are  likewise  full  of  cracks,  from  which  there  issues  a  con- 
stant sulphureous  smoke  that  tinges  them  and  the  circuhijacent/cofMP 
and  cinders  with  a  deep  yellow,  or  sometimes  a  white  tint.  These 
last  mentioned  cracks,  though  deep,  do  not,  as  I  apprehend^  pass 
the  stratum  formed  by  the  last  eruptioD,  and  which,  from  its  extreme 
thickness,  particularly  in  the  valley,  will  probably  retain  a  great 
degree  of  heat  for  some  years  to  come,  as  did  a  thick  stratum  of 
lava  than  ran  \nXo  fossa  grande  in  the  year  17^7* 

The  number  and  size  of  the  stones,  or,  more  properly  speaking, 
of  the  fragments  of  lava  which  have  been  thrown  out  of  the  volcano 
in  the  course  of  the  last  eruption,  and  which  lie  scattered  thkkoa 
tiie  cone  of  Vesuvius,  and  at  the  foot  of  \X,  is  really  incredible. 
The  largest  we  measured  was  in  circumference  no  less  than  on^  hun- 
dred and  eiglit  English  feet«  and  seventeen  feet  h^h.  it  is  a  solkl 
block,  and  is  much  vitrified  j  in  some  parts  of  it  there  are  laige 
pieces  of  pure  glas.i,  of  a  brown  yellow  colour,  like  that  of  which 
onr  common  bottles  are  made,  and  throughout  its  pores  seem  to  he 
filled  with  perfect  vitrifications  of  tbe  same  sort.  The  spot  where 
it  alighted  is  plainly  marked  by  a  deep  impression  almost  at  the  foot 
of  the  cone  of  the  volcano,  and  it  took  three  bounds  before  it  set* 
tied,  as  is  plainly  perceived  by  the  marks  it  has  lef^  on  the  ground, 
and  by  tbe  stones  which  it  has  pounded  to  atoms  uhd^r  its  prodi- 
i;ious  weight.  When  we  consider  the  enormous  sbe  and  weight  of 
such  a  solid  mass,  thrown  at  least  a  quarter  of  a  mile  clear  c^  the 
mouth  of  the  volcano,  we  can  but  admire  tbe  wonderful  powers  of 
nature,  of  which,  being  so  very  seldom  within  the  reach  of  human 
iuspection,  we  are  in  general  too  apt  to  judge  upon  much  loo.  small 
•  scale. 
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Another  solid  block  of  ancient  lava,  sixty^-six  feet  in  circumfe- 
rence, and  nineteen  feet  high^  being  nearly  of  a  spherical  sliape, 
was  thrown  out  at  the  9anie  tim^>  and  lies  near  the  former.  Thb 
stone»  which  has  the  marks  of  having  been  rounded,  nay  almost 
polished,  by  continual  railing  iri  torrents,  or  on  the  sea  shore, 
and  which  yet  has  been  so  undoubtedly  thrown  out  of  the  volcano, 
may  be  the  subject  of  curious  speculation  s*.  Another  block  of 
solid  lava  that  wad  thrown  much  farther,  and  lies  in  the  valley 
between  the  cone  of  Vesuvius  and  the  Hermitage,  is  sixteen  feet 
high,  and  ninety-two  feet  in  circumference,  though  it  plainly  ap- 
pears,  by  the  large  fragments  that  lie  rounds  and  were  dtftached 
from  it  by  the  shock  of  its  fall,  that  it  niiist  have  been  twice  as  con. 
siderable  when  in  the  air. 

There  are  thousands  of  very  large  fragments  of  difftrent  species 
of  ancient  and  modem  lavas^  that  lie  scattered  by  the  late  explosions 
on  the  cone  of  Vesuvius,  and  in  the  vallies  at  its  foot ;  but  these 
three  were  the  largest  of  those  we  measured  f . 

We  found  also  many  fragments  of  those  volcanic  bombs  that 
burst  in  the  air,  as  mentioned  in  the  former  part  of  this  journal ; 
and  some  entire^  having  fallen  to  the  ground  without  bursting.— 
The  fresh  red-hot  and  liquid  lava  having  been  thrown  up  with  num- 
berless fragments,  of  ancient  lavas,  the  latter  were  often  closely  en- 
veloped by  the  former  -,  and  probably  when  such  fragments  of  lava , 
were  porous  and  full  of  air  bubbles,  as  is  often  the  case^  the  ex* 
treme  outward  heat,  suddenly  rarifying  the  confined  air,  caused  an 
explosion.  When  these  fragments  were  of  a  more  compact  lava 
they  did  not  explode,  but  were  simply  inclosed  by  the  fresh  lava, 
and  acquired  a  spherical  form  by  whirling  in  the  air,  or  reeling 
down  the  steep  sides  of  the  volcano. 

The  shell  or  outward  coat  of  the  bombs  that  burst,  and  of  which 
we   found  several  pieces,  was  always  composed  of  liresh  lava,  in 


*  Or  may  not  this  stone  be  a  spherical  volcanic  basalt,  sach  as  one  of  forty- 
ave  feet  in  cfrcumference,  described  by  Mons.  Faiya»  dc  St,  Fond,  in  p.  155,  of 
his  corioiis  book  on  the  Mlyect  of  extinguished  volcanoes  ? 

«  yfe  measured  twp  other  stones  in  the  valley  between  Somma  am)  Ve- 
suvius ;  ^he  one  was  twenty-two  feet  and  a  half  long,  thirteen  feet  and  a  half 
broad,  and  ten  feet  high  ;  the  other,  eleven  feet  and  a  half  high,  and  seventy 
two  feet  in  circumference. 
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ivbich  many  splinters  of  the  more  ancient  lava  that  had  been 
inckisedy  are  seen  sticking.  I  was  much  pleased  with  this  disc6very, 
having  been  greatly  puzzled  for  an  explanation  of  this  volcanic  ope* 
tation,  which  was  new  to  me,  and  which  was  very  frequent  during 
the  eruption  of  the  9^h  of  August 

The  phenomenon  erf  the  natural  spun  glass,  whkh  fell  at  Ottaiano 
with  the  ashes  on  the  5th  of  August,  was  likewise  clearly  explained 
to  mc  here.  I  have  already  mentioned,  that  the  lava  thrown  up  by 
this  eruption  was  in  general  more  perfectly  vi^rifi^d  than  th^t  of  any 
former  eruption,  whidi  appeared  plainly  upon  a  nearer  examination 
of  the  fragments  of  fresh  lava,  the  pores  of  which  we  generally 
found  full  of  a  pure  vitrification,  and  the  scovut  themselves,  upon  a 
close  examination  with  a  magnifying  glass,  appeared  like  a  coufu9ed 
heap  of  filaments  of  a  foul  vitrification.  When  a  piece  of  the 
solid  fresh  lava  had  been  cracked  in  it&  fall  withomt  separatmg 
entifely»  we  always  saw  capillary  fibres  of  perfect  glass,  reaching 
from  side  to  side  within,  the  cracks*  If  I  may  be  allowed  a  mean 
comparison,  which,  however,  conveys  the  idea  of  what  I  wi§h  to 
explain  better  than  any  other  I  can  thipk  of,  this  lava  resembled  a 
rich  ParQiesan  cheese,  which,  when  broken  and  gently  separated, 
spins  out  transparent  filaments  from  the  little  cells  that  contained 
the  clammy  liquor  of  which  those  filaments  were  com|K>sed,  The 
natural  spun^glass,  then,  that  fell  at  Ottaiano  during  this  eru)»tion, 
as  well  as  that  which  fell  in  the  Isle  of  Bourbon  in  the  year  1766, 
must  have  been  foirmed^  most  probaldy,  by  the  operation  of  such  a 
sort  of  lava  as  has  been  just  described^  cracking  and  separating  in 
the  air  at  the  time  of  its  emission  from  the  craters  of  the  volcanoes^ 
md  by  that  mean?  spinniog  oi^t  the  pure  vitrified  matter  from  its 
pores  or  cells,  the  wind  at  the  same  t^e  €;arrying  ofi*  those  fibments 
of  g^ass  as  fast  a4  they  were  produceds 

I  obaerv^d,  sliiching  to  so^ne  very  large  fragments  of  the  new  lava, 
which  were  of  a  close  gram,  some  pieces  of  a  substance,  whose  tex- 
ture very  much  re^jBmhled  that  of  a  true  pumice-stone ;  and^  upon 
a  eiose  examinatioB,  and  having  separated  them  from  the  lava,  I 
perceived,  that  this  substance  had  actoally  been  fbited  out  of  the 
minute  pores  of  the  solid  stoue  Itself,  and  was  a  collection  of  ^ne 
\itreous  fibres  or  filaments^  confounded  together  at  the  tiqn^  of  their 
being  pressed  out  by  the  contraction  of  the  large  fragmcmtf  ^  lavA 
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in  cooling,.  And  which  ha^  bent  downwards  by  their  own  weight. 
This  curious  substance  has  the  lightness  of  a  pumice,  and  resembles 
it  ill  etery  respect  except  being  of  a  darker  colour. 

When  the  pores  of  the  fresh  solid  i'4va  were  large  and  fitled  with 
pure  vitrified  matter,  we  Ibund  thdt  matter  sometimes  blown  into 
bubbles  on  its  surface,  I  su|>pose,  by  the  air  which  had  been  forcec) 
out  at  the  thne  the  lava  contracted  iteelf  in  cooling :  those  bubbles, 
being  thin,  shewed  that  tins  volcanic  glass  has  the  kind  of  transpa- 
rency of  our  cotnmon  glass  bottles,  and  is  like  them  of  a  dirty  yel- 
low colour.  I  detached  with  my  hammer  some  large  pieces  of  tbiy 
kmd  of  glass  as  big  as  my  fist,  which  adhered  to,  and  was  iiicorpor 
rated  with,  some  of  tfie  larger  fragments  of  lava,  and,  though  of  the 
same  kind,  from  their  thickness  they  appeared  perfectly  black,  and 
were  opaque. 

Another  particularity  is  remarkalile  in  the  lava  of  this  eruption : 
many  detached  pieces  of  it  are  in  the  shape  of  a  barley-corn  or  of  a 
plum-stone,  small  at  each  end,  and  thick  in  the  middle.  We 
picked  up  several,  and  ia\|f  many  more  which  were  too  heavy  for  us 
to  carry  off,  for  they  must  have  weighed  more  than  sixty  pounds ; 
som,e  of  the  smaller  ones  did  not  weigli  an  ounce.  I  suppose  them 
to  be  drops  from  the  liquid  fountain  (if  fire  of  the  8th  of  August, 
which  might  very  naturally  acquire  such  a  form  in  their  6ei11  ;  but  the 
peasants  in  the  neighbourhood  of  Vesuvius  are  well  convinced 
that  they  are  the  thunder-bolts  that  fell  with  the  volcanic  light- 
ning. 

We  found  many  of  the  volcanic  bombs  or,  properly  speaking, 
rouAd  bjills  of  fresh  lava,  large  and  sms^ll;  all  of  which  have  a 
nucleifi  composed  of  a  fbgnient  of  more  ancient  and  solid  lava^ 
There  were  also  some  other  usurious  vitrifications,  very  different  from 
any  I  had  ever  seen  before,  mixed  with  the  late  fallen  shower  of 
huge  iooHiB  and  masses  of  lava« 

Though  I  have  endeavoured  to  be  as  particvlar  and  dear  as  pos- 
sible ki  the  dedd^ption  I  have  gfven  of  the  curious  substances  prpr 
duced  by  the  late  eruption  of  Vesuvius,  yet,  as  spetinieus  of  those 
substances  Will  explahi  more  at  one  sight  ihan  I  can  pretend  to  do 
b^  whole  pages  in  writing,  I  shall  not  fail  to  send  you,  by  the  first 
fttvonrifole  opportuniity,  a  collection  of  them,  which  I  have  set  apart 
for  that  purpose,  particitlarly  as,  I  flatter  myself,  they  may  serve  tQ 
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give  some  light  into  a  hitherto  obscure  subject :  I  mevm,  the  nature 
and  manner  of  the  formation  of  piimice«stones. 

Vesuvius  continues  to  smoke  considerably^  and  we  had  a  sl^ht 
shock  of  an  earthquake  yesterday ;  so  that  I  do  not  thinks  notwith- 
standing the  late  eruptions  having  been  so  very  considerable,  that 
the  volcano  has  vented  itself  so  sufficiently  as  to  remain  long 
quiet.  • 

I  must  now.  Sir,  beg  your  pardon  if  I  have  trespassed  too  much 
upon  your  time :  I  meant  to  be  short,  clear,  and  explicit ;  and  if,  by 
aiming  at  the  two  latter,  I  have  failed  in  the  former,  I  hope.  I  shall 
be  excused^  and  that  you  will  please  to  take  the  will  for  the  deed. 

[Phil,  Trans.  1780.] 

SECTION  V. 

Eruption  of  Fesuvim  hi  1794,  as  described  in  a  Letter  from 
the  same  to  Sir  Joseph  Banks,  Bart.  P.  R.  S. 

Naples,  August  25,  1794. 
Sir, 
Every  day  produces  some  new  publication  relative  to  the  late 
tremendous  eruption  of  Mount  Vesuvius,  so  that  the  various  phaeno- 
mena  that  attended  it  will  be  fouild  on  record  in  either  one  or  other 
of  these  publications,  and  are  not  in  that  danger  of  being  passed  over 
and  forgotten,  as  they  were  formerly^  when  the  study  of  natural  his- 
tory  was  either  totally  ueglected,  or  treated  of  in  a  manner  veiy  un- 
worthy of  the  great  Author  of  nature.  I  am  sorry  to  say,  that  even 
so  late  as  in  the  accounts  of  the  earthquakes  in  Calabria  in  1783 
printed  at  Naples,  nature  is  taxed  with  being  malevolent,  and  bent 
upon  destruction.  In  a  printed  account  of  another  great  eruption  of 
Mount  Vesuvius  in  1631,  by  Antonio  Santorelli,  doctor  of  medicine, 
and  professor  of  natural  philosophy  in  the  university  of  Naples,  and 
at  the  head  of  the  fourth  chapter  of  his  book,  are  these  words:  iS^ 
questo  incendio  sia  opera  de*  dermnn?  Whether  this  eruptiom  be  the 
work  of  devils?  The  account  of  an  eruption  of  Vesuvius  in  173f, 
published  at  Naples  by  Doctor  Serao,  is  of  a  very  diflerent  cast,  and 
•  does  great  honour  to  his  memory.  All  great  eruptions  of  volcanoes 
m^st  naturally  produce  nearly  the  same  phienomena;  and  in  Serao's 
book  almost  all  the  phtsnomena  we  have  been  witness  to  duripg 
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tbe  late  eruplioa  of  Vesuvius,  are  admirably  described,  and  well 
accounted  for*  The  classical  accounts  o(  the  eruption  of  Vesuvius, 
vhjcb  destroyed  the  towns  of  Herculaiieuni  and  Pompeii,  and  luauy 
of  the  existing  printed  uccounts  of  its  great  eruption  in  163  i  (although 
the  latter  are  mixed  with  puerilities)  might  pass  for  an  account  of  the 
late  eruption  by  only  changing  the  date,  and  omitting  that  circum- 
stance of  the  retreat  of  the  sea  from  the  coast,  which  Jiappened  in 
both  those  great  eruptions  and  not  in  this  |  and  I  might  content  my- 
self by  referring  to  those  accouuts,  and  assuring  you  at  the  sanae  time, 
that  the  late  eruption^  after  those  two,  appears  to  have  been  the  most 
violent  recorded  by  history,  and  infinitely  more  alarming  than  eit^r 
the  eruption  of  1767,  or  that  of  1779>  of  both  of  which  I  had  this 
honour  of  giving  a  particular  account  to  the  Royal  Society.  Howi- 
ever,  1  think  it  my  duty  rather  to  hazard  being  guilty  of  repetition 
than  to  neglect  the  giving  you  every  satisfaction  in  my  power,  relative 
to  the  late  formidable  operation  of  nature. 

You  know^  Sir,  tlmt  with  the  kind  assistance  of  the  Father  An- 
tonio  Piaggi,  of  the  order  of  the  Scole  Pie,  who  has  resided  many 
years  at  Kesina,  on  the  very  foot  of  Mount  Vesuvius,  and  in  full 
view  of  it,  1  am  in  possession  ol  an  exact  diary  of  that  volcano^ 
from  th^  year  I77d  to  this  day,  and  which  is  also  accompanied  with 
drawings.  It  b  plain,  from  some  remarks  in  that  diary,  previous  to 
this  eruption,  that  a  great  one  was  expected,  and  ^hat  we  were  ap^ 
prehen^ive  of  the  mischief  that  might  probably  attend  the  talling-in 
of  the  crater,  which  had  been  nmch  contracted  within  these  two 
years  past,  by  the  great  emission  of  scori«  and  ashes  from  time  to 
time,  and  whidi  had  also  increased  the  height  of  llie  volcano,  and 
nearly  tilled  up  its  crater.  The  frequent  slight  eruptions  of  lava  for 
aome  years  past  have  issued  from  mar  the  summit,  and  ran  in  small 
channels  in  different  directions  down  the  Banks  of  the  mountain,  and., 
from  running  in  covered  channels,  had  often  an  appearance  as  if 
they  <Mmi(B  immediately  out  of  the  sides  of  Vesuvius ;  but  such  lavas 
bad  not  suficient  force  to  reach  the  cultivated  parts  at  the  foot  of 
the  mountam.  I»  th^e  year  1779>  the  whole  quantity  of  the  lava  in 
fusion  having  been  at  once  thrown  up  with  violence  out  of  the  crater 
pf  Vesuvius,  and  a  gr^at  part  of  it  falling,  and  cooling  on  its  cone, 
added  much  to  the  solidity  of  the  walls  of  this  huge  natural  chimney, 
if  I  inay  be  allowed  so  to  call  it,  and  has  not  of  late  years  allowed  a 
fti#ci^nt  discharge  of  li^va  to  calm  that  fermentation,  which  by  tht 
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subterraneous  noises  heard  at  times,  and  by  the  explosions  of  scori« 
and  ashes,  was  known  to  exist  within  the  bo^eb  of  the  volcano ;  so' 
that  the  eruptions  of  late  years,  before  this  last,  have,  As  I  have  said, 
been  simply  from  the  lava  having  boiled  over  the  crater,  the  sides 
being  sufficiently  strong  to  confine  it,  and  oblige  it  to  rise  and  over- 
flow. The  mountain  had  been  remarkably  quiet  for  seven  mouths 
before  its  lale  eruption,  nor  did  the  usual  smoke  issue  from  its^ 
crater^  but  at  times  it  emitted  small  clouds  of  smoke,  that  floated 
in  the  air  in  the  sh^pe  of  little  trees.  Itwas  remarked  by  the  Father 
Antonio  di  Petrizzi^  a  capuchin  friar  (who  has  printed  an  account  of 
the  late  eruption)  from  his  conveut  close  to  the  unfortunate  town  of 
Torre  del  Greco,  that  for  some  days  preceding  this  eruption  a  thick 
vapour  was  seen  to  surround  the  mountain,  about  a  quarter  of  a 
mile  beneath  its  crater ;  as  it  was  remarked  by  him^  and  otiiers  at 
the  same  time,  that  both  the  sun  and  the  moon  had  often  an  unusual 
reddbh  cast.  ^ 

The  water  of  the  great  fountain  at  Torre  del  Greco  began  to  de- 
crease some  days  before  the  eruption,  so  that  the  wheels  of  a  corn- 
mill,  worked  by  that  water,  moved  very' slowly ;  it  was  necessary  in 
all  the  other  wells  of  the  town  and  its  neighbourhood  to  lengthea 
the  ropes  ^aily,  Jn  order  to  reach  the  water ;  and  some  of  the  wells, 
became  quite  dry.  Although  most  of  the  inhabitants  were  saisible 
of  this  phenomenon,  not  one  of  them  seems  to  have  suspected  the 
true  cause  of  it.  It  has  been  well  attested,  that  eight  days  before 
the  eruption,  a  man  and  two  boys,  being  in  a  vineyard  above  Torre 
del  Greco  (and  precisely  on  the  spot  where  one  of  the  new  mouths 
opened,  from  whence  the  principal  current  of  lava  that  destroyed 
the  town  issued),  were  much  alarmed  by  a  sudden  puff  of  smoke 
that  came  out  of  the  earth  close  to  them,  and  was  attended  with  a 
slight  explosion. 

Had  this  circumstance,  with  that  of  the  subterraneous  noises 
heard  at  Resina  for  two  days  before  the  eruption  (with  the  additional 
one  of  the  decrease  of  water  iu  the  wells,  as  above  mentioned)  been 
communicated  at  the  time,  it  would  have  requited  no  great  foresight 
to  have  been  certain  that  an  eruption  of  the  volcano  was  near  at 
hand,  and  that  its  force  was  directed  particular^  towaids  that  part 
of  the  mountain* 

On  the  12th  of  June,  iu  the  morning,  there  was  a  violent  fall'of 
rain,  and  soon  after  the  inhabitants  of  Resina,  situated  direetlj  over 


Digitized 


by  Google 


the  ancient  town  of  Hevculaneuin,  wtre  sensiWe  of  a  rumbling  sub- 
temiiitouft  noise,  whAeh  was  not  heard  at  Naples* 

From  the  month  of  January  tO'  the  month  of  May  last*  the  at- 
nio^ibare  was  generally  ca|m,  and  we  had  continued  dry  weather. 
In  the  moirth  of  May  we  had  a  little  rain,  but  tlie  weafber  was  un» 
usually  sultry.  For  sotaie  days  preceding  the  eruption^  the  Dake 
della  Torre,  a  learned  and  ingenious  nobleman  of  this'  country,  antf 
who  has  published  two  letters  upon  the  subject  of  the  late  eruption, 
observed  by  bis  electrometers  that  the  atmosphere  was  charged  in 
excess  with  the  electric  fluid,  and  continued  so  for  several  days  dlir-^ 
iBg  the  eruption :  there  are  niauy  other  curious  observations  in  the 
duke's  account  of  the  late  eru|^n* 

About  eleven  o*clock  at  night  of  the  12th  June,  at  Naples  we 
were  all  sensible  of  a  violent  shock  of  an  earthquake ;  tlie  unduhitory 
rootioa  was  evidently  frdm  east  to  west^  and  appeared  to  me  to  have 
lasted  near  half  a  minute.  The  sky^  which  had  been  quite  clear,  was 
soon  after  covered  with  black  clouds.  The  inhabitants  of  the  towns 
and  villages,  which  are  very  numerous  at  the  foot  of  Vesuvius,  felt 
this  earthquake  still  more  sensibly,  aud  say,  that  the  shock  at  first 
was  from  the  bottom  upwards,  after  which  fi^ltowed  the  undulation 
from  east  to  west.  This  earthquake  extended  all  over  the  Cam- 
pagna  Felice;  amd  their  Sicilian  majesties  were  pleased  to  teli  me, 
that  the  royal  pdace  at  Caserta,  which  is  fifteen  miles  from  this 
cHy,  and  oife  of  the  most  magnificent  and  solid  buildings  in  Europe 
(the  walls  being  eighteen  feet  thick),  was  shook  in  such  a  manner  as 
to  cause  great  alarm,  and  that  all  the  chamber*-bells  rang.  It  was 
likewise  much  felt  at  Benevento,  about  thirty  miles  from  Naples  ; 
and  at  Ariano  ia  Puglia,  which  is  at  a  much  greater  distance ;  both 
these  townaliave  been  often  aiBicted  with  earthquakes. 

On  Sunday  the  15th  of  June,  soon  after  ten  o'clock  at  night,  an« 
other  shock  of  an  earthquake  was  fslt  at  Niqf^les,  bat  did  not  appear 
to  be  quite  so  violent  as  that  of  the  IStb,  nor  did  it  hist  so  long ;  at 
the  same  moment  a  fonntan  of  bright  fire,  attended  wfth  a  very 
black  smoke  and  a  loud  veport,  was  seen  to  issue,  and  rise  to  a  great 
beighl^  from  about  the  middle  of  the  cone  of  Vesmvius;  soon  after 
another  of  the  same  kind  broke  ont  at  some  little  distance  lower 
down ;  then,  as  I  suppose  fMon  the  blowing  up  of  a  covered  channel 
fuU  of  red-hot  lava^  it  had  the  appearance  as  if  tlie  lava  had  taken 
itf  coune  directly  up  the  steep  cone  of  the  vokano.    Fredi  foun- 
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tains  succeeded  oqe  another  hastily,  and  all  in  a  direct  line  tending, 
for  about  a  mile  and  a  half  down,  towards  the  towns  of  Eesina  and 
Torre  del  Greco.    I  could  count  fifteen  of  Iheui,  hut  I  believe  there 
were  others  obscured  by  the  smoke.     Il  seems  probable,  that  all 
these  fountains  of  fire,  trom  their  being  in  such  an  exact  line,  pro« 
c^eded  from  one  and  the  same  long  fissure  down  the  flanks  of  the 
mountain,  and  that  the  lava  and  other  volcanic  matter  forced  its  way 
out  of  the  widest  }>arts  of  the  crack,  and  fornie<i  there  the  little 
moimlains  and  craters  that  will  be  described  in  their  proper  place. 
It  is  impossible  that  any  descripfion  can  give  an  idea  of  this  fiety 
scene,  or  of  the  horrid  noises  that  attended  this  great  operation  of 
nature.    It  was  a  mixture  of  the  loudest  thunder,  with  incessant 
reports^  like  those  from  a  numerous  heavy  artillery,  accompanied 
by  a  continued  hoUow  murmur^  like  that  of  the  roanng  of  the  ocean 
during  a  violent  storm ;  and  added  to  these  was  another  blowing 
noise,  like  that  of  the  going  up  of  a  large  flight  of  sky-rockets,  and 
which  brought  to  my  mind  also  that  noise  which  is  produced  by  the 
action  of  the  enormous  bellows  on  the  fiirnace  of  the  Carron  iron 
fouudery  in  Scotland,  and  which  it  perfectly  resembled.  The  frequent 
falling  of  the  huge  stones  and  scoriae,  which  were  thrown  up  to  an 
incredible  height  from  some  of  the  new  mouths,  and  one  of  which 
having  been  since  measured  by  the  Abb^  Tata  (wlio  has  published  an 
account  of  this  eruption),  was  ten  feet  high,  and  thirty-five  in  cir- 
cumference, contributed  undoubtedly  to  the  concussion  of  the  earth 
and  air^  which  kept  all  the  houses  at  Naples  for  several  hours  in  a 
constant  tremor,  every  door  and  window  shaking  and  rattling  in- 
cessantly, and  the  bells  ringing.     This  was  an  awliil  nionient!  The 
sky»  from  a  bright  full  moon  and  star-light,  began  to  be  obscured ; 
the  moon  had  presently  the  appearance  of  being  in  an  eclipse,  and 
soon  after  was  totally  lost  in  obscurity.     The  murmur  of  the  prayers 
and  lamentations  of  a  numerous  populace  forming  various  process 
sions,  and  parading  in  the  streets,  added  likewise  to  the  horror.    As 
the  lava  did  not  appear  to  me  to  have  yet  a  suflkient  vent,  and  it 
was  now  evident  that  the  earthquakes  we  had  already  felt  liad  been 
occasioned  by  the  air  and  fiery  matter  confined  within  the  bowels  of 
the  mountain,  and  probably  at  no  small  depth  (considering  the  ex* 
tent  of  those  earthquakes  ,  I  recommended  to  the  company  that 
was  with  me,  who  began  to  be  much  alarmed,  rather  to  go  and 
view  the  mountain  at  som^  greater  distance^  and  in  the  opep  air. 
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tbaD  to  remain  in  the  house^  which  was  on  the  sea  side,  and  in  the 
part  of  Naples  that  b  nearest  and  most  exposed  to  Vesuvius.  We 
accordingly  went  to  Posilipo,  and  viewed  the  conflagration,  nmv 
become  still  more  considerable,  from  the  sea  side  under  that  nioun« 
tain ;  but  whether  from  the  eruption  having  iiicreased,  or  firom  the 
loud  reports  of  the  volcanic  explosions  being  repeated  by  /be 
mouutain  behind  us,  the  noise  was  much  louder,  and  more  alarming 
than  that  we  had  heard  in  our  first  position,  at  least  a  mile  nearer 
to  Vesuvius.  After  some  time,  and  which  was  about  two  o'clock  in 
the  morning  of  the  l6th,  having  observed  that  the  lavas  ran  in 
abundance  freely,  and  with  great  velocity,  having  made  a  consi* 
derable  progress  towards  Resina,  the  town  which  it  first  threatened, 
and  that  tlie  fiery  vapours  which  had  been  confined  had  now  free 
vent,  through  many  parts  of  a  crack  of  more  than  a  mile  and  a 
half  in  length,  as  was  evident  from  the  quantity  of  inflamed  matter  and 
black  sraokf ,  which  continued  to  issue  from  the  new  mouths  above* 
mentioned  without  any  interruption,  I  concluded  that  at  Naples  all 
danger  from  earthquakes,  which  had  been  my  greatest  apprehension, 
was  now  totally  removed,  and  we  returned  to  our  tbimer  station  at 
$.  Lucia  at  Naples. 

All  this  time  there  was  not  the  smallest  appearance  of  fire  or 
smoke  from  the  crater  on  the  summit  of  Vesuviiis ;  but  the  black 
smoke  and  ashes  issuing  continually  from  so  many  new  mouths,  or 
craters,  formed  an  enormous  and  dense  body  of  clouds  over  the 
whole  mountain,  and  which  began  to  give  signs  of  being  replete 
with  the  electric  fluid,  by  exhibiting  flashes  of  that  sort  of  zig-zag 
lightning,  which  in  the  volcanic  language  of  this  country  b  called 
Jerillif  and  which  is  the  constant  attendant  on  the  most  violent  erup> 
tions.  From  what  1  have  read  and  seen,  it  appears  to  me,  that  the 
truest  judgment  that  can  be  formed  of  the  degree  of  force  of  the 
fermentation  within  the  bowels  of  a  volcano  during  its  eruption, 
would  be  from  observing  the  size,  and  the  greater  or  less  elevation 
of  those  piles  of  smoky  clouds,  wMch  rise  out  of  the  craters,  and 
form  a  gigantic  mass  over  it,  usually  in  the  form  of  a  pine  tree,  and 
from  the  greater  or  less  quantity  of  ihatferiUi,  or  volcanic  electricity, 
with  which  those  clouds  appear  to  be  charged. 

Puring  thirty  years  that  |  have  resided  at  Naples,  and  in  which 
space  of  time  I  have  been  witness  to  many  eruptions  of  Vesuvius,  of 
one  sort  or  other,  f  never  saw  tbe  gigantic  cloud  abovementiqned 
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replete  with  tbe  electric  fire,  except  in  4li«  two  great  eroptions  of 
1767,  that  of  1779»  and  during  this  more  formidable  one.     Tbe 
electric  fire«  in  the  year  1779,  that  plaved  constantly  within  the 
enormous  black  cloud  over  the  crater  af  Vesuvios^  and  seldom  quit- 
ted it,  was  exactly  similar  to  that  which  is  pro<iuced,  on  a  very  small 
scale,  by  the  conductor  of  an  electrical  machine  coimniinicating  with 
an  insulated  plate  of  glass,  thinly  spread  over  with  metallic  filings. 
Ice.  when  the  electric  matter  continues  to  play  over  it  in  zig'^zag  lines 
without  quitting  it.     I  was  not  sensiMe  of  any  noise  attending  that 
operation  in  1 779  ;  whereas  the  discharge  of  the  electrical  matter 
firom  tbe  volcanic  clouds  during  this  eruption^  and  particularly  tbe 
second  and  third  days,   caused  explosions  like  those  of  the  loudest 
thunder;  and  indeed  the  storms  raised  evidently  by  tbe  sole  power 
of  the  volcano,  resembled  in  ever}  respect  all  other  tbnnder  fitorms; 
jtbe  lightning  falling  and  destroying  every  thing  in  its  course.    The 
bouse  of  tbe  Marquis  of  Berio  at  S.  lorio,  situated  at  tbe  foot  of 
Vesuvius,  during  one  of  these  volcanic  storms  was  struck  with  light- 
nitig,  which  having  shattered  many  doors  and  windows^  and  damaged 
the  furaiturey  left  for  some  time  a  strong  smell  of  sulphur  in  the 
rooms  it  passed  through.    Out  of  these  gigantic  and  volcanic  cloads, 
besides  the  Kghtning,  both  during  this  entption  and  that  of  1779»  I 
have^  with  many  others,  seen  balls  of  fire  issue,  and  some  of  a  consi- 
derable magnitude^  which  bursthig  in  tbe  air,  produced  nearly  the 
same  effsct  as  that  from  the  air-balloons  in  fireworks,  the  electric 
fire  that  came  outliaving  the  appearance  of  tbe  serpents  with  which 
those  firework  balloons  are  often  filled.     The  day  on  wirich  Naples 
was  in  the  greatest  danger  from  the  volcanic  clouds,  two  small  balls 
of  fire,  joined  together  by  a  smell  link  like  a  chain«^ot,  fell  close  to 
my  caiino,  at  Posttipo ;  they  separated,  and  one  fell  in  the  vineyard 
abov«  the  bouse,  and.  tbe  other  in  the  sea,  so  elose  to  it  that  I  heard 
a  splash  in  tlie  water ;  but,  as  I  was  writing,  I  lost  the  sight  of  this 
pheaomeBon,  which  was  seen  by  some  of  tbe  company  with  me, 
and  related  to  me  as  above.    The  Abb4  Tata,  in  his  printed  account 
of  this  eruption,  mentions  an  enormous  ball  t>f  this  kind  whicli  iew 
out  of  the  crater  of  Vesuvius  whilst  he  was  standmg  on  the  edge  of 
it,  and  which  burst  m  the  air  at  some  cfistance  fi-om  the  motifrtaiii, 
soon  after  nHiiefa  he  beard  a  ttoise  like  the  fall  of  at  onmber  of  stones^ 
€r  of  a  heavy  shower  of  baih 

During  Ifie  eruption  of  the  15th  fit  night,  few  of  Ae  ui|mbitaots 
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of  Naples^  from  the  dread  of  edrtiniiiakes,  ventared  to  go  to  tbnit 
beds.  The  common  people  were  either  employed  ia  devout  proc«»» 
sions  in  the  streets^  cgr  were  sleeping  on  the  quays  and  open  places; 
the  nobility  and  gentry,  faaviog  caused  their  horses  to  be  taken  from 
their  carriages,  slept  in  them  in  the  squares  and  open  places,  or 
on  the  high  roads  .pist  out  of  the  town.  For  several  days,  whilst  ' 
the  volcanic  stomis  of  thunder  and, lightning  lasted,  the  inhabitants 
at  the  foot  of  the  volcano,  both  on  the  sea  side  and  the  Somma  side# 
were  oflea  sensible  of  a  tremor  nn  the  earth,  as  well  as  of  the  com 
cussions  in  the  air ;  but  at  Nai^es  only  the  earthquakes  of  the  12th 
and  15th  of  June  were  distinctly  and  universsdly  felt:  this  fak  city 
could  not  certainly  have  resisted  long,  had  not  those  earthquakes 
been  fortunately  of  a  short  duration* .  Throughout  this  eruption^ 
which  continued  in  ^ce  about  ten  days,  the  fever  of  the  mountaiBy 
as  has  been  remarked  in  former  eruptions,  shewed  its^  to  be  in 
some  measure  periodical,  and  generally  was  most  violent  at  the 
break  of  day,  at  noon^  and  at  midnight. 

About  four  o'clock  in  the  morning  of  the  l6th,  the  crater  of  Ve- 
suvius began  to  shew  signs  of  being  open,  by.  some  black  smoke 
issuing  out  of  it;  and  at  daybreak  another  smoke,  tinged  with  red, 
issumg  from  an  opening  n^ar  the  crater,  but  on  the  other  side  of  the 
mountain,  and  fkcing  the  town  of  Ottaiano,  shewed  that  a  new  mouth 
had  opened  there,  and  from  which,  as  we  heard  aften^ards,  a  ooi^ 
derable  stream  of  Java  issued,  and  ran  with  great  velocityjhrough  a 
wood,  which  it  burnt ;  and  tiaving  ran  about  three  miles  in  a  few 
hours,  it  stopped  before  it  had  arrived  at  the  vineyards  and  culti* 
vated  lands.  The  crater,  and  all  the  conical  part  of  Vesuvius,  was 
soon  involved  in  clouds  and  darkness,  and  so  it  remained  for  several 
days;  but  above  these  clouds,  although  of  a  great  height,  we  could 
often  discern  fresh  columns  of  smc^e  from  the  crater,  rising  ^riously 
^till  higher,  until  the  whole  mass  remained  in  the  usual  form  of  a 
pine-tree;  and  in  that  gigantic  mass  of  heavy  clouds  the fmlli,  or 
volcanic  lightning,  was  frequently  visible,  even  in  the  day  time. 
About  five  o'clock  in  the  morning  of  the  l6th  we  could  platoly  per- 
ceive, that  the  lava  which  had  firrt  broke  out  from  the  sevctal  new 
mouths  on  the  south  side  of  the  mountain,  had  reached  the  sea,  and 
was  running  into  it,  having  overwhelmed,  burnt,  and  destroyed  the 
greatest  part  of  Torre  4ei  Greco,  the  )mncipal  strea»  of  leva 
having  taken  its  course  through  the  very  centre  of  the  town.    We 
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observed  from  Naples,  tinit  when  the  lava  was  in  the  vineyards  in  its 
way  to  the  town»  there  issued  often,  and  in  different  pnrts  of  it^  a 
bright  pale  flame,  and  very  different  from  the  deep  red  of  the  lava  ; 
this  was  occasioned  by  the  btiming  of  the  trees  that  supported  thc^ 
vines.  Soon  after  the  beginning  of  this  eruption,  adies  fell  thick 
at  the  foot  of  the  mountain,  all  the  way  from  Portici  to  the  Torre 
del  Greco;  and  what  is  remarkable,  although  there  were  not  at 
that  time  any  clouds  in  the  air,  except  those  of  smoke  from  the 
mountain,  the  ashes  were  wetj  at)d  accompanied  with  large  drops  of 
water,  which,  as  I  have  hee^  well  assured,  were  to  the  taste  very 
salt ;  the  road,  whith  is  paved,  was  as  \set  as  if  there  had  been  a 
heavy  shower  of  rain.  Those  ashes  were  black  and  coarse^  like  the 
sand  of  the  sea  shore,  whereas  those  that  fell  there,  and  at  Naples 
some  days  after,  were  of  a  light^grey  colour^  and  asi  fine  as  Sptiuish 
snuflf,  or  powdered  bark.  They  contained  many  saline  particles* 
as  I  observed,  when  I  went  to  the  town  of  Torre  del  Greco  on  the 
17th  of  June,  that  those  ashes  that  lay  on  the  ground,  exposed  to 
the  burning  sun^  had  a  coat  €ff  the  whitest  powder  on  their  surface, 
which  to  the  taste  was^  extremely  salt  and  pungent.  In  the  printed 
arcount  of  the  late  eruption  by  Emanuel  Scotti,  doctor  of  physic 
and  professor  of  philosophy  in  the  onhersity  of  Naples,  be  supposes 
(which  appears  to  be  highly  probable)  that  the  water  which  accom* 
panied  the  fall  of  the  ashes  at  the  beginning  of  the  eruption^  mas 
produced  by  the  imxture  of  tlie  inflammable  and  dephlogisticated 
air,  according  to  experiments  made  by  Doctor  Priestley  and  Monsieur 
Lavoi^eri 

By  the  time  that  the  lava  had  reached  the  sea,  between  five  and 
six  o'clock  In  the  morning  of  the  l6th,  Vesuvius  was  so  completely 
involved  in  darkness,  that  we  could  no  more  discern  the  violent  ope*  " 
ration  of  nature  that  was  going  on  there,  and  so  it  remained  for  several 
days;  but  the  dreadful  noise  we  heard  at  times,  and  the  red  tinge  on  tlie 
clouds  over  the  top  of  the  mountain,  were  evident  signs  of  the  acti* 
vity  of  the  fire  underneath.  The  lava  ran  but  slowly  at  Torre  del 
Greco  after  it  had  reached  the  sea ;  and  on  tlie  17th  of  June  in  the 
morning,  when  I  weilt  in  my  boat  to  visit  that  unfortunate  town,  its 
course  was  stopped,  excepting  that  aft  times  a  little  rivulet  of  liquid 
fire  issued  from  under  the  smoking  scoriae  into  the  sea>  and  caused  a 
hissing  noise,  and  a  white  vapour  smoke;  at  other  tiroes^  a  quantity 
of  large  scoriae  were  pushed  off  the  surface  of  the  body  of  the  lava 
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into  the  sfa,  discovering  that  it  was  red  hot  under  that  suHace ; 
and  even  to  tlm  day  the  centre  of  the  tliickest  part  of  the  lava  that 
covers  the  town  retains  its  red  heat.    The  breadth  of  the  lava  that 
ran  into  the  sea,  and  has  formed  a  new  promontory  there,  after 
having  destroyed  the  je;reate8t  part  of  the  town  of  Torre  del  Greco, 
having  been  exactly  measnred  by  the  Duke  della  Torre,  is  of  Eng<» 
lish  feet  tlOi.    Its  height  above  the  sea  is  twelve  feet,  aud  as  many 
feet  under  water,  so  that  its  whole  height  is  twenty-four  feet ;  it 
extends  into  the  sea  six  hundred  and  twenty'Six  feet.    1  observed 
that  the  sea  water  was  boiling  as  in  a  cauldron,  where  it  washed  the 
foot  of  this  new  formed^proniontory ;  and  although  I  was  at  least 
an  hundred  yards  from  it,  observing  that  the  sea  smoked  near  my 
boat,  I  put  my  hand  into  the  water,  which  was  literally  scalded; 
aind  by  this  time  my  boatmen  observed  that  the  pitch  from  the  bottom 
of  the  boat  was  melting  fast,  and  floating  ou  the  surface  of  the  sea, 
and  that  the  boat  began  to  leak ;  we  therefore  retired  hastily  from 
this  spot,  and  landed  at  some  distance  from  the  hot  lava.    The 
town  of  Torre  del  Greco  contained  about  I SOOO  inhabitants,  all  of 
which  (except  about  iitlteen,  who  from  either  age  or  infirmity  couM 
not  be  moved,  and  were  overwhelmed  by  the  lava  in  their  houses) 
escaped  either  to  Castel-a*mare,  which  was  the  ancient  Stabiae,  or 
to  Naples ;  but  the  rapid  progress  of  the  lava  was  such,  after  it  had 
altered  its  course  from  Resina,  which  town  it  first  threatened,  and 
had  joined  a  fresh  lava  that  issued  firom  one  of  the  new  mouths  in  a 
vineyard,  about  a  mile  from  the  town,  that  it  ran  like  a  torrent  over 
the  town  of  Torre  del  Greco,  allowing  the  unfortunate  inhabitants 
scarcely  time  to  save  their  lives ;  their  goods  and  eflects  were  totally 
abandoned,  and  indeed  several  of  the  inhabitants,  whose  houses  had 
been  surrounded  with  fava  whilst  they  remained  in  them,  escaped 
from  them  and  saved  their  lives  the  following  day,  by  coming  out  of 
the  tops  of  their  houses,  and  walking  over  the  scoriae  on  the  surface 
of  the  red»hot  lava.    Five  or  six  old  nuns  were  taken  out  of  a  convent 
in  this  manner,  on  the  1 6th  of  June,  and  carried  over  the  hot  lava,  as 
I  was  info|:jnied  by  the  friar  who  assisted  them ;  and  who  told  me 
thal/^eir  stupidity  was  such,  as  not  to  have  been  the  least  alarmed, 
or  sensible  of  their  danger:  he  found  one  of  upwards  of  ninety 
years  of  age  actually  warming  herself  at  a  point  of  red-hot  lava, 
which  touclied  the  window  of  her  cell,  and  which  she  said  was  very 
comfortable;  and  though  now  a|q>ri2ed  of  their  danger,  they  wer^ 
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Still  very  uuwillmg  to  leave  their  coDveut,  in  wliicb  the^^  liad  been 
shut  up  almost  ^odi  their  infancy,  their  ideas  being  as  limited  «s 
the  space  tbej  iii^aba«d.  Having  desired  them  to  pack  up  what- 
ever they  bad  that  was  most  valuable^  they  all  loaded  themselves 
wkh  biscuits  and  sweetmeats,  and  it  wait  but  byaccideat  thiA  the 
triar  discovered  that  they  had  left  a  sum  of  money  behind  tbea, 
which  he  recovered  for  them ;  and  these  nuns  are  now  in  a  convent 
at  Naples. 

At  Ihe  time  I  landed  at  Torre  del  Greco  on  the  l^tb,  I  found 
some  few  of  its  inhabitants  returned,  and  endeavotifiog  to  recover 
their  efiectM  from  such  houses  as  liad  not  been  throwa  down,  or  were 
not  totally  buried  under  the  lava;  but  alas!  wbat  was  theur  cruel  dis- 
appointment  when  tiiey  found  that  their  bouses  had  been  already 
hroke  open,  and  completely  gutted  of  every  thing  that  was  valuable ; 
and  I  saw  a  scuffle  at  the  door  of  one  house,  between  the  proprietors 
and  the  robbers  who  had  taken  possession  of  it  The  lava  had 
passed  over  the  centre  aiid  best  part  of  ^  town ;  no  psu-t  of  the  cathe- 
dral remained  above  it,  except  the  upper  part  of  a  square  hiick 
tower,  in  which  are  the  bells ;  and  it  is  a  curmus  drcomstance  that 
those  beHs,  although  they  are  neitlier  cracked  nor  meked,  are  de- 
prived of  their  tone  as  ranch  as  if  they  had-  been  cracked,  I  suppose 
by  the  action  of  the  acid  and  vitriolic  vapours  of  the  lava.  Some 
of  the  inhabitants  of  Torre  del  Greco  told  me,  that  when  thehiva 
first  ealeredthesea,  it  threw  up  the  Mnater  to  a  prodigiotts  height; 
and  particukrly  when  two  points  of  lava  net  and  inclosed  a  po«i  of 
water,  that  then  that  water  was  thrown  up  with  great  violent,  and 
a  kmd  report :  they  likewise  told  me,  that  at  this  time,  as  well  as  Ike 
day  after,  m  gveat  many  boited  fish  were  seen  floating  on  theancfiKe 
of  the  sea^  and  I  liave  since  been  assured  by  mmy  ofike  fisfacnnen 
of  Po^ci,  Torre  del  Greco,  and  Torre  deU*  Annunaiafta  (all  of 
which  towns  ave  situated  at  the  foot  of  Vesuvius),  that  they  cadd 
not  for  many  days  dmnig  the  eruption  catch  a  fish  wtdnri  two  miles 
of  that  coast,  v^ich  they  had  evidently  deserted. 

When  dns  lava  is  cooled  sufficiently,  which  may  not  ^  uotg  some 
months  hmce,  I  shall  be  curious  to  exaoiine  whether  die  ctl^ie,  or 
se^id  and  compaitt  parts,  of  the  lava  that  ran  into  the  sea  hm  takeii^ 
as  it  probably  may,  the  prismatical  form  of  basalt  ^^okimas,  Uke  many 
other  ancient  lavas  disgorged  mto  the  water.  Hie  exterior  of  this 
lava  9^  present,  like  all  others,  offers  to  the  eye  nothiag  but  a  con- 
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fused  Jieap  of  l<xiie  scom.  The  lava  over  the  catbedr^,  and  in 
ofher  parts  of  the  town,  is  upurards  of  forty  feet  in  thickness;  the 
general  height  of  the  lava  during  its  whole  course  is  about  twelve 
feet»  and  in  some  parts  not  less  than  a  mile  in  breadth*  I  walked  in 
the  few  ren^niug  streets  of  the  town,  and  I  went  on  the  top  of  one 
of  the  highest  houses  that  wns  still  standings  although  surrounded  by 
the  lava ;  I  saw  from  thence  distinctly  the  whole  course  of  the  lava* 
that  covered  the  best  pa^of  the  town ;  the  tops  of  the  houses  were 
just  visible  here  and  there  in  some  pails^  and  the  timbers  within  still 
burning  caused  a  bright  flame  to  issue  out  of  the  surface ;  in  other 
parts,  the  sulphur  and  salts  exhaled  in  a  white  smoke  from  the  lava« 
forming  a  white  or  yellow  crust  on  the  scori^r  round  the  spots  where 
it  issued  with  the  most  force*  Often  I  heard  little  explosions,  and 
saw  that  they  blew  up,  like  little  mines,  fragments  of  the  scoriae  and 
ashes  into  tlie  air ;  I  suppose  them  to  have  been  occasioned  either 
by  rarefied  air  in  confined  cellars,  or  perhaps  by  small  portions  of 
gunpowder  taking  fire,  as  few  in  this  country  are  without  a  gun  and 
some  little  portion  of  gunpowder  in  their  houses.  As  the  church 
feasts  are  here  usually  attended  with  fireworks  and  crackers,  a  fire- 
work-maker of  this  town  had  a  very  great  quantity  of  fireworks 
ready  made  for  an  approaching  feast,  and  some  gunpowder,  all  of 
which  had  been  shut  up  in  his  house  by  the  lava,  a  part  of  which 
.  bad  even  entered  one  of  the  rooms ;  yet  he  actually  saved  all  his 
fireworks  and  gunpowder  soiq/s  days  after,  by  carrying  them  safely 
over  the  hot  lava.  I  should  not  have  been  so  much  at  my  ease  had 
I  known  of  this  gunpowder,  and  of  several  other  barrels  that  were  at 
the  same  time  in  the  cellar  of  another  house,  inclosed  by  the  lava, 
.  and  which  were  afterwards  brought  off  on  women's  heads,  little 
thinking  of  their  danger,  over  the  scoriae  of  the  lava,  that  was  red* 
hot  underneath.  The  heat  in  the  streets  of  the  town,  at  this  time, 
was  so  great  as  to  raise  the  quicksilver  in  my  thermometer  to  very 
near  100  degrees,  and  close  to  the  hot  lava  it  rose  much  higher ;  but 
what  drove  mo  from  this  melancholy  spot  was,  that  one  of  the  rob- 
bers with  a  great  pig  on  his  shoulders^  pursued  by  the  proprietor 
with  a  long  gun  pointed  at  him,  kept  dodging  round  me  to  save 
himself;  I  bid  him  throw  down  the  pig  and  run,  which  he  did ;  and 
the  proprietor^  satisfied  with  having  recovered  his  loss,  acquainted 
me  with  my  danger,  by  telling  me  that  there  were  now  thieves  in 
every  house  that  was  left  standing.  I  thought  it  therefore  high  time 
VOL.  I.  a  C 


Digitized 


by  Google 


id6  tEtt»tlOKft  Of  ttftVtllTi. 

to  retire,  both  for  my  own  s&kij,  tuid  that  I  itii^ht  eodeavout  i^ 
procure  from  Naples  some  protection  for  the  doubly  nnftirtunate 
ftufierers  of  this  unhappy  town.  Accordingly  I  returned  to  Naptei 
in  my  boat,  and  immediately  acquainted  this  government  with  what 
I  had  just  seen  myself;  in  consequence  of  which  a  body  of  soldiers 
Was  sent  directly  to  their  relief  by  sea,  the  road  by  land  having  been 
cut  off  by  the  lava«  I  remarked  in  my  way  home,  that  there  was  vt 
much  greater  quantity  of  the  petroleam  floating  on  the  surfhce  of 
the  sea,  and  diffusing  a  very  strong  and  ofienstve  smell,  thaA  was 
-iisual;  for  at  all  times  in  calms,  patdies  of  thb  bituminous  o3> 
called  here  petroleum,  are  to  be  seen  floating  on  the  surftce  of  the 
aea  between  Portici  and  Naples,  and  particularly  opposite  a  village 
called  Pietra  Bianca.  The  minute  ashes  continued  falling  all  this 
day  at  Naples ;  the  mountain,  continually  obseured  by  them,  conti- 
nued to  alarm  us  with  repeated  loud  exf^oaions;  the  streets  of  this 
city  were  this  day  and  the  next  constantly  filled  with  religious  and 
penetential  processions,  composed  of  all  classes,  and  nothing  was 
beard  in  the  midst  of  darkness  but  the  thunder  of  the  mountain,  and 
wn  pro  nohiu  The  sea  wmd  increasing  at  times,  delivered  us  from 
these  ashes,  which  it  scattered  over  different  parts  of  the  Caaq[M^a 
Felice* 

On  Wednesday  the  18th,  the  Mfffid  having  for  a  short  space  of 
time  cleared  away  the  thick  doud  from  the  top  of  Vesuvius,  we  dis«> 
covered  that  a  great  part  of  its  crater,  particularly  on  the  west  side 
opposite  Naples,  had  fallen  in,  which  it  probably  did  about  four 
o'clock  in  the  morning  of  this  4ay,  as  a  violent  shock  of  an  earth- 
quake was  felt  at  that  moment  at  Resina,  and  other  parts  idtuated  at 
the  foot  of  the  volcano*  The  clouds  of  smoke,  mixed  with  the 
ashes  which,  as  I  have  before  remarked,  were  as  fine  as  Spanish 
eunff (so  much  so  that  the  impression  of  a  seal  with  my  coat  oifarms 
would  remain  distinctly  marked  upon  them),  were  of  such  a  density 
as  to  appear  to  have  the  greatest  difiiculty  in  forcmg  their  passage 
out  of  the  now  widely  extended  mouth  of  Vesuvius,  which  certainly, 
since  the  top  fell  in,  cannot  be  much  short  of  two  miles  m  circum- 
ference. One  cloud  heaped  on  another,  and  succeeding  one  another 
incessantly,  formed  in  a  few  hours  such  a  gigantic  and  elevated  eo« 
lumn  of  the  darkest  hue  over  the  mountain,  as  seemed' to  thi«aten 
Naples  with  immediate  destruction,  having  at  one  time  been  bent 
over  the  city,  and  appearing  to  be  much  too  massive  and  ponderous 
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thajMlU,  or  volcanic  liglililight,  which  was  stronger  than  com- 
khoti  lightning,  jnst  as  Pliny  the  younger  describes  it  in  one  of  his 
l^itters  to  1[Vieitus,  when  he  says  JktgoHtfUs  UU  ei  similes  et  mH^mrts 

Vesuvius  was  at  this  time  completely  covered,  ^s  were  ell  the  oM 
tilbck  lavasi  with  a  thick  coat  of  these  fine  light.gTey  ashes  Already 
liill^n,  i^htcfa  gave  it  a  cold  and  horrid  a)ipearance ;  and  in  compa- 
rison of  the  abovenientioned  enormous  mass  of  clouds,  which  cer- 
tainly, ho^vever  it  may  contradict  our  idea  df  the  extension  iff  tmt 
iitmospher^,  rose  many  miles  above  the  mountain,  it  appeared  like 
tt  niole^-liill ;  although,  As  yon  kilow^  Sir,  the  perpendicular  height 
M*  Vesuvhis  from  the  l<evel  nf  th^  sea,  is  more  thftn  three  thousand 
itk  hundred  feet  "The  Abb4  Braedni,  as  appears  in  hit  printed  ac« 
tbuut  of  the  eruption  bf  Mnunt  Vosuvius  in  l83l,  measured  with  a 
Quadrant  the  elevation  of  a  AiiEiss  of  clouds  of  the  sAme  nature^  that 
Was  fbrmed  over  VesuVhis  during  that  great  eroption,  and  found  it 
tb  ettted  thirty  miles  in  height.  Doctor  Scotti,  in  his  prmted  a€. 
tbnnt  of  this  eruption^  says,  that  the  height  €^  this  threatening  clond 
of  smoke  and  ashes,  measured  (but  he  dues  not  say  how)  from 
Naples,  wfts  found  to  be  of  an  elevation  of  thirty  degrees.  All  1 
can  say  is,  that  to  my  eye  the  distance  from  the  crater  of  Vesuvius 
to  the  most  devated  part  of  the  cloud,  appeared  to  me  nearly  the 
^me  as  that  of  th^  island  of  Caprea  Arom  Naples,  and  wht<ih  is  about 
twenty^five  miles  $  but  I  am  well  awari;  of  the  inaccuracy  of  such 
^  sort  of  measurement. 

i  must  own^  that  at  that  inoment  I  did  apprel^end  Naples  to  be  in 
ibme  dnnger  of  bemg  buried  under  the  ashes  of  the  volalno,  just  as 
iht  toWnS  of  tiertnlanentti  and  Pompeii  were  in  tUe  year  79*  The 
iuhes  that  h\\  then  nt  Pompeii  were  of  the  same  iine  quaUty  as  those 
from  this  eruption  \  having  often  observed,  when  present  at  the  ek- 
tavations  of  that  ancient  city,  that  the  asli^s,  which  1  suppose  to 
hslVe  been  inited  with  iVater  at  the  same  time,  had  taken  the  exact 
tinpression  or  monld  of  Whatever  they  had  inclosed  j  so  that  the 
compartments  bf  the  wood  work  W  the  windows  and  doors  of  the 
hbuse^  renniSned  impressed  bn  this  volcanic  tufa,  although  the  wood 
ttielf  had  ibng  decayed,  and  not  an  atom  of  it  to  be  seen,  pxcept 
IVhen  fh«  wood  hdd  be^n  burnt,  and  then  you  found  the  charcotl. 
Hitvhig  bnce  be^n  pteseiit  at  th«  discovery  of  9  skeleton  in  the  great 
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Street  of  Pompeii^  of  a  person  who  had  been  shot  up  by  Ae  aabes 
during  the  eruption  of  79, 1  engaged  the  men  that  were  di^ng  to 
take  off  the  piece  of  hardened  tufo,  that  covered  the  head,  with 
great  care,  and,  as  in  a  mould  just  taken  off  in  plaster  of  Paris,  we 
found  the  impression  of  the  eyes,  that  were  shut,  of  the  nose,  mouth, 
and  of  every  feature  perfectly  distinct.  A  similar  specimen  of  a 
'  mould  of  thi»  kind,  brought  from  Pompeii/  is  now  in  his  Sidliim 
Majesty's  museum  at  Portici  ^  it  had  been  formed  over  the  breast 
of  a  young  woman  that  had  been  shut  up  in  the  volcanic  matter ; 
every  fold  of  a  thin  drapery  that  covered  her  breast  is  exactly  repre> 
sented  in  tliis  mould :  and  iu  the  volcanic  tnfo  that  filled  the  ancient 
theatre  of  Herouhineuni,  the  exact  mould  or  impression  of  the  face 
d  a  marUe  bust  b  still  to  be  seen/  the  bast  or  statue  having  been 
long  since  reaMved.  Having  observed  these  fine  ashes  issuing  in 
such  abundance  from  Vesuvius,  and  having  the  appearance  of  being 
damp  or  wet,  that  they  do  not  take  such  beaulifol  forms  and  volutes 
as  a  fine  dry  smoke  equally  does,  but  appear  iu  hard  and  stiff  little 
curls,  you  will  iH>t  wonder  then«  that  the  fate  of  Herculaneum  and 
Pompeii  should  have  come  again  stroi^ly  mto  my  mind ;  but  for- 
tunately the  wind  sprung  up  fresh  from  the  sea,  and  the  threatening 
cloud  bent  gradually  from  us  over  the  mountain  of  Somma,  and  in- 
volved all  that  part  of  the  Campagna  in  obscurity  and  danger. 

To  avoid  prolixity  and  repetiticm,  I  need  only  say,  that  the 
storms  of  thauder  and  lightning,  attended  at  tima.with  heavy  falls 
of  rain  and  ashes,  causing  the  m<»t  destructive  torrents  of  water  and 
glutinous  mud,  mixed  with  huge  stones,  and  trees  torn  up  by  the 
roots,  continued  more  or  less  to  affict  the  inhabitants  on  both  sides 
of  the  volcano  untH  the  7th  of  July,  when  the  last  torrent  destroyed 
many  hundred  acres  of  cultivated  land,  between  4he  towns  of  Torre 
del  Greco  and  Torre  dell*  Annunziata.  Some  of  these  torrents,  as 
I  have  been  credibly  assured  by  eye  witnesses,  both  on  the  sea  side 
ami  the  Somma  side  of  the  mountam,  came  down  with  a  horrid 
rushing  noise ;  and  some  of  them,  afker  having  forced  their  way 
through  the  narrow  gullies  of  the  mountain^  rose  to  the  height  c^ 
more  than  twenty  feet,  and  wei^  near  half  a  mile  in  extent*  The 
mud  of  which  the  torrents  were  composed,  bemg  a  kind  of  natural 
mortar,  has  completely  cased  up,  and  ruined  for  the  present,  some 
thousand  acres  of  rich  vineyards ;  for  it  soon  becomes  so  haid»  that 
nothing  less  than  a  pick-axe  can  break  it  up;  I  say  for  the  present/ 
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as  I  imagine  tliat  herjeafter  the  soil  may  be  greatly  improved  by  the 
quantity  of  saline  particles  that  the  ashes  from  this  eruption  evi- 
dently contain.  A  gentleman  of  the  British  l^ctory  at  Naples, 
having  filled  a  plate  with  the  ashes  that  had  fallen  on  his  balcony 
during  the  eruption,  and  ^owed  some  pease  in  theni,  assured  me 
that  they  came  up  the  third  day,  and  that  they  continue  to  grow 
much  faster  than  is  usual  in  the  best  common  garden  soil. 

My  curiosity,  or  rather  my  wbh  to  gratify  that  of  our  respectable 
Society,  induced- me  to  go  upon  Mount  Vesuvius,  as  soon  as  i  thought 
I  might  do  it  with  any  degree  of  prudence,  which  wa$  not  until  the 
dOth  of  June,  and  then  it  was  attended  with  some  risk,  as  will  appear 
in  the  course  of  thb  narrative.  The  crater  of  Vesuvius,  except  at 
short  intervals,  had  been  continually  obscured  by  the  volcanic  clouds 
ever  since  the  l$th,  and  was  so  this  day,  with  frequent  flashes  of 
lightning  (laying  in  those  clouds,  and  attended  as  usual  with  a  noise 
like  thunder ;  and  the  fine  ashts  were  stiil  falling  on  Vesuvius,  but 
still  more  on  the  mountain  of  Sopima.  I  went  up  the  usual  way  by 
Resina,  attended  by  my  old  Cicerone  of  the  mountain,  Bartolomeo 
Pumo,  with  whom  I  have  been  sixty^ight  times  on  the  highest  point 
of  Vesuvius.  I  observed  in  ray  way  through  the  village  of  Resina 
that  many  of  the  stones  of  the  pavement  had  been  loosened,  and 
were  deranged  by  the  earthquakes,  particularly  by  that  of  the  18th, 
whidi  attended  the  ^liug*in  of  the  crater  of  the  volcano,  and  which 
as  they  told  nie  there,  had  been  so  violeiit  as  to  throw  many  people 
down,  9nd  obliged  all  the  inhabitants  of  Resuia  to  quit  their  houses 
hastfly,  and  to  which  they  did  not  dare  return  for  two  days*  The 
leaves  of  all  the  vines  were  burnt  by  the  ashes  that  had  fallen  on 
them,  and  many  of  the  vines  themselves  were  buried  under  the  ashes, 
and  great  branches  of  the  trees  that  supported  them  ha<|  been  torn 
off  by  theur  weight.  In  short,  nothuig  but  ruin  and  desolation  wsis 
to  be  seen^  The  a^hies  at  the  foot  of  the  mountain  were  about  ten 
or  twelve  inches  thick  on  tlie  surface  of  the  earth,  but  in  proportion 
as  we  ascended  then:  thickness  increased  to  several  feet,  I  dare  say 
not  less  than  nine  or  ten  in  some  parts ;  so  that  the  surface  of  the 
old  nigged  lav^  that  before  vtm  almost  impracticable,  was  no«^ 
become  a  perfect  plain,  over  which  w.e  waited  with  the  -greatest 
e^se.  The  asbet  were  of  a  light-grey  colour,  and  exceedingly  fine, 
so  tbit  1^  the  footsteps  l>eing  marked  on  them  as  on  snow,  we  learnt 
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tbtt  thtee  mmU  parties  ha4  be^a  up  before  us.  We  saw  Ukewisf 
tb^  traek  of  a  fox,  that  appeared  to  have  been  quite  bewildered*  to 
judge  from  the  qiauy  turns  be  had  made.  Even  the  traces  of 
li^rds  and  other  little  animals^  and  of  insects,  were  visible  on  these 
fine  ashes.  We  ascended  to  the  spot  whence  the  lava  of  the  \&\k 
first  issued,  and  %t  followed  the  course  of  it,  which  was  still 
very  hot  (although  covered  wUh  such  a  thick  coat  of  ashes),  quite 
down  to  the  sea  at  Torre  del  Greco,  which  is  more  than  five  miles. 
A  pair  of  boots,  to  which  I  had  for  the  purpose  added  a  new  vid 
thick  sole»  were  burnt  through  ou  this  expedition.  It  was  not  po4- 
fible  to  get  up  to  the  great  crater  of  Vesuvius^  nor  had  any  one  yet 
attempted  it.  The  horrid  chasms  that  exist  from  the  spot  where  the 
lat^  eruption  first  took  plsfce,  in  a  straight  line  for  near  two  miles 
towards  the  sea,  cannot  be  imagined.  They  farmed  vallies  more 
than  two  houdred  feet  deep;  and  from  half  to  a  mile  wide ;  and 
where  the  foun^ms  of  fiery  matter  existed  during  the  eruption,  are 
little  mountains  with  de^p  craters.  Ten  thousand  men,  in, as  meiiy 
years^  eoukl  not,  surely,  make  such  an  alteration  ou  the  (ace  of 
Vesuvius,  as  has  been  made  by  nature  in  the  short  space  of  five  hoi^n; 
Except  the  exhalations  of  sulphureous  and  vitriolic  vapoursj^  vAikh 
broke  out  from  difierent  spots  of  the  line  abavemeotioned«  and 
tinged  the  surface  of  the  ashes  and  scorise  in  those  parts  with  either 
a  deep  pr  pale  yellow  with  a  reddish  qcbre  colour*  or  a  bright  wbilCi 
and  in  some  parts  with  a  deep  green  and  axure  blue  (so  that  the 
whole  together  had  the  effect  of  an  iris),  aH  around  us  had  the  af* 
pearance  of  a  sandy  deseft.  We  went  on  the  tqp  of  seven  of  tlie 
most  considerable  of  the  uew«formed  mountains,  and  looked  into 
their  craters*  which  on  some  of  them  appeared  to.  be  little  short  of 
half  a  nnile  in  curcumference ;  and  although  the  exterior  perpendicu^ 
lar  height  of  any  of  them  did  not  exceed  two  huudred  feet,  the 
depth  of  their  inverted  cone  within  was  three  timos  as  greats  I( 
would  not  have  been,  possible  for  us  to^  hay^  breathed  oa  these  new 
inoi^itains  nea^p  tfaeir  aateifs*  if  wf  had  not  ^en  the  precautioB  of 
tying  a  doubled,  handkerchief  over  our  mouths,  and  oootdls;  au4 
even  with  that  precauction  we  could  uot  resist  Itong.  the  fcmes  of  the 
vitrioliQ  ackl  were  so  exceedingly  penetrating,  and.  of  such  a  suffo- 
cating quality.  We  found  ip  one  a  double  cm&cr^  kke  two  funnels 
joiped  together  ;  and  io  aU  theiFO  m^  9fH»e  litllfi  mokp  aud  dApasir 
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rllMi  i>f  «dU  and  sulpbor^  of  Urn  varums  ccAchuts  abovemealioaeiit 
ju»t  as  is  eonnimnly  hw  adiMriog  Iq  t]m  imm  walls  of  tbo  priodpal 
cxat^r  ofVio^vius. 

Two  Of  thra«  days  afttr  w«  bad  b^en  bsra*  oae  of  the  new 
motttfas  into  wbkh  we  h^d  looked,  suddeirf;  «ade  a  great  eiplosioti 
of  slQoes^  mfi^^  W^  ashest  whicb  wouki  eertaioly  have  proved  fiitet 
toaiigf  ooe  who  nigbt  unfoityiH^dy  have  been  there  at  the  time  et 
t^  esptos|i;>EU  We  lead  of  a  like  accident  having  proved  fatai  to 
laore  tkau  twenty  people,  who  h^d  the  curiosity  lo  look  into  the 
crater  of  the  Moute  $l)iovo,  near  Pozzuoli,  a  few  days  after  its  for* 
matian,  m  thn  year  l^i^  The  Idth  of  4m£¥^  ^  saw  a  sudden 
explosion  of  smoke  and  asbiaa,  Ibrown  to  an  extreme  height  out  oi 
the  great  crater  of  Vesavius,  that  mitft  have  destr^^ed  any  one 
witbm  half  a  mile  of  it;  and  yet  on  the  19th  of  Jifly  a  party  not 
^y  had  visited  that  crater,  but  had  descended  170  feet  within  it. 
Whilst  we  weae  on  tbe  moontain*  two  wburlwindss  exactly  like  those 
tbaft  form  water^spouts  at  sefi^  m.ade  their  ^peajfance ;  and  one  of 
them  that  was  very  near  ns  made  a  stiange  rnshing  noise^  a^  having 
taken  up  a  great  quantity  of  fine  ashes,  formed  them  mto  an  ele- 
vnled  spiral  cokiwn»  which,  wplih  a  whiirling  motion  and  greaf 
rapidity^  was  carried  towards  the  n^ountain  of  $omme>  where  i( 
broke  and  waa  dlipersed^  As  Ibeve  were  evident  signs  of  aa  abun- 
dance of  elec^ity  in  themr  at  tUs  tmie»  I  have  no  doubt  of  this 
bavh^  been  also  aa  electmal  opevatiott*  One  ofmy  servant^  eoi* 
pkyed  hi  coUeetiug  of  snlphiuv  of  sal  ammonlae,  whkb  crystalliaes 
pdar  tbe  yhntieinall^  as  tbey  are  called  bene  (and  which  are  the  apota 
kom  wheooe  tbe  hot  vapeor  isanes  oql  of  the  fresh  lava),  found  to 
bis  great  surpHse  an  enoseding  cold  wind  issue  ffoai  a  fissure  very 
near  tbe  bot^marofiahaaememiQBed  upon  bis  kg;  I  put  my  band 
tia  tbe  spot,  and  found  the  same ;  but  it  did  not  surprias  roe»  as  beibre 
on  MoiMit  Vesttvitts,  on  tbe  nsounlnin  of  Somoia^on  Mount  Etna, 
anA  us  the  ishmd  of  Isebia,  I  bad  met  with,  on  partiodar  spots»  tbe 
Ukn  euneata  of  ealwnM  cold  ahr  issinng  from  beneath  the  ancient 
kwiwand  wiiicbi  bei^  eonslant  to  those  spots^ane  known  by  the 
namaof  ven^etisft.  In  a  vjneyard  not  ia  the  eame  Ike  with  the  new- 
formed  mountams  just  deecnbed^  but  in  a  rigl^  line  from  them,  at 
the  diiiaKiee  of  littk  more  than  a  mile  from  Tonre  de^  Greco,  are 
tbaie  orfolar  male  of  these  new^onned  nsonotaias  with  atatets*  onf 
aC  whicis  thrlaFa  floiwid»  and  by  uniting  witblba  streams  that  can»e 
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from  the  higher  mouths,  and  adding  to  their  Iieat  and  AuicKty, 
eQa)>led  the  whole  current  to  make  so  rapid  a  progress  over  the  mi* 
fortunate  town,  as  scarcely  to  allow  its  inhabitants  sufficient  time  to 
escape  with  their  lives.  The  rich  vineyards  belonging  to  the  Torre 
del  Greco,  and  which  produced  the  good  wine  called  Lacrima 
ChriiH,  that  have  been  buried,  and  are  totally  destroyed  by  this 
lava,  consisted,  as  1  have  been  informed,  of  more  than  three  tiioii- 
saud  acres ;  but  the  destruction  of  the  vineyards  by  the  torrents  of 
mud  and  water  at  the  foot  of  the  mountain  of  Somma,  is  much  mofe 
extensive* 

I  visited  that  part  of  the  country  also  a  few  days  after  I  had  been 
oa  Vesuvius,  not  being  willing^o  relate  to  yon  any  one  circumstance 
of  the  late  formidable  eruption  but  what  I  had  reason  to  believe 
was  founded  on  truth*  The  first  signs  of  a  torrent  that  I  met  with, 
was  neftr  the  village  of  the  Madonna  dell'  Arco,  and  I  passed  several 
others  between  that  and  the  town  of  OMaiano;  the  one  near 
Trochia,  and  two  near  the  town  of  Somma,  were  the  most  consi- 
derable, and  not  less  than  a  quarter  of  a  mile  in  breadth ;  and  as 
several  eye-witnesses  assured  me  on  the  spot,  were,  when  they  poured 
down  from  the  mountain  of  Somma,  trom  twenty  to  thirty  feet 
high ;  it  was  a  liquid  glutinous  mud,  composed  of  scoriae,  asbes, 
stones  (some  of  which  of  an  enormous  size)  mixed  with  trees  that 
had  been  torn  up  by  the  roots*  Such  torrents,  as  you  may  well  ima- 
gioe,  were  irresistible,  and  carried  all  before  them ;  houses,  walfe, 
trees,  and,  as  they  told  me,  not  less  than  four  thousand  she^  and 
other  cattle,  had  been  swept  off  by  the  several  torrents  on  that  side 
of  the  mountain.  At  Somma  they  likewise  told  me  that  a  team  of 
eight  oxen,  that  were  drawmg  a  large  timber  tree,  had  been  carried 
off  from  thence,  and  never  were  more  heard  ot 

The  appearance  of  these  torrents,  when  I  saw  them,  was  like  that 
of  all  other  torrents  in  mountainous  countries,  except  that  what  had 
been  mud  was  become  a  perfect  cement,  on  which  nothing  less  than 
a  pick-axe  could  make  any  impression*  The  vineyards  and  culti- 
vated lands  were  here  much  more  ruined;  and  the  limbs  of  the 
trees  much  more  torn  by  the  weight  of  the  ashes,  than  thoee  which 
I  have  already  described  on  the  sea  side  of  the  volcano* 

The  Abb6  Tata,  in  his  printed  account  of  this  eruption,  has  given 
a  good  idea  of  the  abundance,  the  great  weight,  and  glutinous 
quality  of  these  ashes,  when  be  says  that  having  tdten  a  brancb 
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from  a  fig-tree  still  standing  near  the  town  of  Somma,  on  which 
were  only  six  leaves,  and  two  little  unripe  figs^  and  having  weighed 
it  with  the  ashes  attached  to  it,  he  found  it  to  be  thirty-one  ounces; 
when  having  washed  off  the  volcanic  matter,  it  scarcely  weighed 
three  ounces. 

I  saw  several  houses  on  the  road,  in  my  way  to  the  town  of 
Sorama,  with  their  roofs  beaten  in  by  the  weight  of  the  ashes.  In 
the  town  of  Somma,  I  found  four  churches  and  about  seventy  houses 
without  roofs^  and  full  of  ashes.  The  great  damage  on  this  side  of 
the  mountain,  by  the  fall  of  the  ashes  and  the  torrents,  happened  on 
the  1 8th,  19th,  and  20th  of  June,  and  on  the  12th  of  July.  I  heard 
but  of  three  lives  that  had  been  lost  ai  Somma  by  the  fall  of  a  house. 
The  IQth^  the  ashes  fell  so  thick  at  Somma  (as  they  told  me  there), 
that  unless  a  person  kept  in  motion,  hcf  was  soon  fixed  to  the  ground 
by  them.  This  M\  of  ashes  was  accompanied  also  with  loud  re-* 
ports^  and  frequent  flashes  of  the  volcanic  lightning,  so  that>  sur« 
rounded  by  so  many  horrors,  it  was  impossible  for  the  inhabitants 
to  remain  in  the  town,  and  they  all  fled ;  the  darkness  was  such, 
3lthough  it  was  mid-day,  that  even  with  the  help  of  torches  it  was 
scarce^  possible  to  keep  in  the  high  road ;  in  short,  what  they  de< 
cribed  to  me  was  exactly  what  Pliny  the  younger  and  his  motjier  had 
experienced  at  Misenum  during  the  eruption  of  Vesuvius  in  the 
reign  of  Titus^  according  to  his  second  letter  to  Tacitus  on  that 
subject  I  found  that  the  majority  of  people  here  were  convinced* 
that  the  torrents  of  mud  and  water,  that  had  done  them  so  mucK 
mischief^  came  out  of  the  crater  of  Vesuvius,  and  that  it  was  sea- 
water  ;  but  there  cannot  be  any  doubt  of  those  floods  having  been 
occasioned  by  the  sudden  dissolution  of  watery  clouds  mixed  with 
ashes^  the  air  perhaps  having  been  too  much  rarefied  to  support 
them ;  and  when  such  clouds  broke  and  fell  heavily  on  Vesuvius, 
the  wi^er  not  l>eing  able  to  penetrate  as  usual  mto  the  pores  of  the 
earth,  which  were  then  filled  up  with  the  fine  ashes  of  a  bituminous 
and  oily  quality,  nor  having  free  access  to  the  channels  which  usu- 
ally terried  it  off,  accumulated  in  pools,  and  mixing  with  more 
ashes,  rose  to  a  great  height,  and  at  length  forced  its  way  through 
new  channels,  aiid  came  down  in  torrents  over  countries  where  it 
was  least  expected,  and  spread  itself  over  the  fertile  lands  at  the 
foot  of  the  mountain.  From  what  I  have  seen  lately,  I  begin  to 
doubt  very  much  if  the  water,  by  which  so  much^  damage  was 
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done,  and  so  many  lives  were  lost  during  the  tfidble  ei:iq>tioi|  of 
Vesuvius  in  l631,  did  really,  as  was  generally  supposed*  come  out 
of  the  crater  of  the  volcano :  sentiments  were  divided  then,  ^9  th^y 
are  now^  on  that  subject ;  and  since  in  all  great  eruptions  the  crater 
of  the  volcano  must  be  obscured  by  the  clouds  of  ashes,  as  it  pro* 
bably  was  then,  and  certainly  was  during  the  violence  of  the  late 
eruption,  therefore  it  must  be  very  difficult  to  ascertain  exactly  from 
whence  that  water  came.  The  more  eitraordinary  a  circumstaooa 
19,  the  more  it  appears  to  be  tha  common  desire  that  it  should  be 
credited ;  from  thb  principle^  one  of  his  Sicilian  Majesty's  gardenera 
of  Portici,  went  up  to  the  crater  of  Vesuvius  as  soon  as  it  was  prac* 
ticable,  and  am^  do[wn  in  a  great  fright,  declaring  thai  he  bad  seea 
it  full  of  boiling  water.  The  Chevalier  Macedonio,  intendant  of 
]^ortici,  judged  very  properly,  that  to  put  an  end  to  the  alarm  tbia 
report  bad  spread  over  the  country,  it  was  necessary  to  send  u^ 
people  be  could  trust,  and  on  whose  veracity  he  might  depends 
Accordingly  the  next  day,  which  was  the  l^th  of  July^  Sigpor 
Cruisepp^  Sacco  went  up,  well  attended,  and  proved  the  gardener's 
assertion  to  be  absolutely  fake,  there  being  only  some  little  signs  of 
mad  from  a  deposiUou  of  the  rain  water  at  the  bottom  of  the  cratef, 
According  to  Sacco's  account,  which  has  been  printed  at  Naples,  the 
craler  is  of  an  in^g^lar  oval  form,  and,  as  he*  supposes  (not  having 
been  able  to  measure  it)  of  about  a  mi]^  and  a  half  in  circum- 
ference ;  )>y  my  leye  I  should  judge  it  to  be  more;  the  inside,  aa 
usual,  in  the  sliape  of  an  mverted  cone,  the  inner  walb  of  which  on 
the  easitem  side  are  perpendicular ;  but  on  the  western  side  of  tb« 
crater,  which  is  much  ^wer,  tlie  descent  was  practicable^  apd 
Sacco  with  some  of  his  companions  actually  went  down  IJ6  palms, 
from  which  spot,  Imving  lowered  ^  cord  with  a  stone  tied  to  it,  ttiey 
found  the  whok  depth  of  the  crater  to  be  about  500  palms.  But 
fiuch  observations  on  the  crater  of  Vesuvius  are  of  little  conse^enct, 
as  both  its  forn^  and  apparent  de|)th  are  subject  to  great  akerationi 
from  day  to  day*  These  curious  observers  certainly  ran  some  ci$k 
at  that  tim^  9ittce  which  such  a  quantity  of  scodas  and  ashes  have 
l^en  thrown  up  fr(^  the  crater,  and  even  so  lately  as  the  15th.  of 
j^  months  aa  must  have  proved  £ital  to  any  one  within  their 
faach. 

TbA  92d  of  Jvi^f  oue  of  tl^  now  cratev>  which  is  the  neaceit  to 
1)^  Umi  of  Torrje  ilel  Qrcco,  threw  up  botb  fire  and  smok^,  which 


Digitized 


by  Google 


bri;btion$  op  vi&9WI99»  894f 

l^rcmnsU^ce^  ad4e4  to  that  of  tlie  lava's  ^^}9f^f^  ^^  ^^^  '^^ 
lofiger  Umq  usual,  seams  to  indicate  that  there  nmy  stiU  be  some  f^V; 
ine»Utioii  ander  that  part  of  the  vakanck  The  lavsi  in  cooling 
often  cracks,  and  causes  a  loud  ei^plosion,  just  as  the  ice  does  i»  t^ 
filaciers  in  Switeeriaad  ;  such  reports  are  frequewtlji  heard  oo*i^  at 
the  Torre  del  Greeo ;  and  as  some  of  the  inhabitants  told  me»  Ihey 
often  see  a  vapour  issue  from  the  body  of  the  lava^aad  tahin|»  five  li| 
Ihe  air,  fall  like  those  meteors  vu^ri;  called  falliiie;  stars,' 

The  darkuesft  oecasiooed  by  tb^  fell  ol  the  ashes  ill  the  Cain^gBa 
Felice  extended  itself,  wd  varied,  aeeofdi«|f  to  the  prevailing  Whide. 
On  the  19th  of  June  it  was  so  dark  at  Caaetts^  which  ia  ftfteen  miles 
ftom  Naples^  as  to  oblige  the  iobabitimts  to  light  candles  al  mid-day: 
«nd  one  day  during  the  eruption,  the  darkness  spiead  over  Ben** 
vento,  which  is  thirty  miles  firom  Yesuvius. 

The  Archbishop  of  Taranto^  in  a  letter  to  Naf  les»  and  daled  fvom 
that  city  the  18lh  of  June,  said,  '«  We  are  involved  in  a  thick.cloiicl 
/of  minute  volcanic  aj^hes,  and  we  imagiDO  that  t^Mte  must  he  a  i^eiit 
eruption  either  of  MounI  Etna,  or  of  StroliM^li."  The  bishop  did 
not  dieam  of  their  having  proceeded  from  Vesiivius,  which  ii  abovi. 
250  miles  from  Tavanto.  We  have  had  ^icfr^unts  ab»  of  the  ^  of 
the  ashes  during  the  k^e  eruptien^  at  the  vevy  extremity  of  the  pro* 
vince  of  I^tcce^  which  is  still  farther  off;  and  we  have  been  assured 
likewise,  that  those  clouds  were  replete  with  ekctrkal  matter :  at 
Martiao„  near  Taranto,  a  house  was  struck  and  much  dawiaged  by 
the  lightning  from  one  of  these  clouds.  In  the  aoeojiuts  of  the  great 
len^tion  o^  Vesuvius  in  1^1^  mention^  is  made  of  the  extetisiif^ 
ppM^fress  of  the  ashes  from  Vesuvius,  and  of  the  dbamage  dfme 
by  ibiefmMi,  or  vokantc  lightaingv  which  attended  them  kr  tbek 
)ioi»na« 

1  mual  here  mention  a  very  extraoiV(tinary  oineumsfatnce  imjeed, 
thai  happened  near  Sieunf^  ki  the  Tuscan  slafte,  aheul  eighteen  hours 
pftef  the  commeoeement  of  the  bite  eruption  of  Vesuvim  on  ^ 
]5th  of  June^  although  thai  phaenomenon  may  have  no  rehrtion  to 
4he  eruption  ;  and  whkh.was  coonnunicated  to  me  in  the  following 
wor4b  by  the  Earl  of  Bnetel,  hislmp  of  Derry,  in  a  le^r  dated  froni 
Sjienaa,  Jnfy  t^th,  1794 :  '*  hi  the  midst  of  a  most  vkilent  tlteinder- 
atonrnv  ^onl  a  decEeft  stones  of  vavioos  weighs  and  dimenskms^  (t\{ 
aA  the  feet  of  dUferent  people,  men,  women,  and  children ;  the 
JttoMtM  eCaiqMlib^  not  fiaund  ift  any  pvt  of  the  Siemttse  tent- 
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tory ;  they  fell  about  eighteen  boors  alter  the  enormoiis  eruption  of 
•Vetuvius,  which  circumstmioe  leaves  a  choice  of  dfficulties  in  the 
solution  o^  this  extraordinary  phaenomenon :  either  these  stones 
have  been  generated  in  thb  igneous  mass  of  clouds,  which  produced 
«uch  unusual  thunder,  or^  which  b  equally  incredible,  they  were 
thrown  from  Vesuyius  at  a  distance  of  at  least  250  miles ;  judge 
then  of  its  parabola.  The  pbilosopbers  here  incline  to  the  first 
solution.  I  wish  much,  Sir,  to  know  your  sentiments.  My  first 
objection  was  to  the  iact  itself;  but  of  this  there  are  so  many  eye- 
witnesses, it  seems  impossible  to  withstand  their  evidence,  and  now 
I  am  reduced  to  a  perfect  scepticism."  Hb  lordship  was  pleased 
to  send  me  a  piece  of  one  of  the  largest  stones,  which  when  entire, 
weighed  upwards  of  five  youuds ;  I  have  seen  another  that  has  been 
sent  to  Naples  entire,  and  weighs  about  one  pound.  The  outside 
of  every  stone  that  has  been  found,  and  has  been  ascertained  to  have 
fallen  from  the  doud  near  Sienna^  b  evidentiy  freshly  vitrified,  and 
b  black,  having  every  sign  of  having  passed  through  an  extreme 
heat ;  when  broken,  the  inside  b  of  a  light-grey  colour  mixed  with 
black  spots,  and  some  shining  particles,  which  the  lejimed  here  have 
decided  to  be  pyrites,  and  therefore  it  cannot  be  a  lava,  or  they 
would  have  been  decomposed.  Stones  of  the  same  nature,  at  least 
as  far  as  the  eye  can  judge  of  them^  are  Ireqoently  found  on  Mount 
Vesuvius ;  and  when  1  was  on  the  mountain  lately,  I  searched  for 
such  stones  near  the  new  mouths,  but  as  the  soil  round  them  has 
been  covered  with  a  thick  bed  of  fine  ashes,  whatever  was  thrown 
up  during  the  force  of  the  eruption  lies  buried  under  those  ashes. 
Should  we  find  similar  stones  with  the  same  vitrified  coat  on  them 
on  Mount  Vesuvius,  as  I  told  Lord  Bristol  in  my  answer  to  hb  letter, 
the  question  would  be  decided  in  favour  of  Vesuvius ;  unless  it 
could  be  proved  that  there  ba4  been,  about  the  time  of  the  fidl  of 
these  stones  in  the  Sanese  t^mtory,  some  nearer  operang  of  the 
earth,  attended  with  an  emission  of  vokanic  matter,  whidi  might 
very  well  be,  as  the  mountain  of  Radicofiuu,  within  My  miles  of 
Sienna,  is  certainly  volcank.  I  mentioned  to  his  lordship  another 
idea  ^at  struck  me.  As  we  have  proofs  during  the  late  eruption 
of  a  quantity  of  ashes  of  Vesuvius. havmg  been  carried  to  a  greater 
dbtance  than  where  the  stones  fell  in  the  Sanese  territory,  mi^t  not 
the  same  ashes  have  been  carried  over  the  Sanese  territory,  and 
li^u^og  >yi|b  a  stormy  cloud,  have  been  collected  together  just  as 
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.hailstones  are  sometimes  into  lumps  of  ice,  in  which  shi^  they 
fell ;  and  m^bt  not  the  exterior  vitrification  of  those  lumps  of  ac- 
cimiulated  and  hardened  volcanic  matter  have  been  occasioned  by 
the  action  of  the  electric  fluid  on  them?  The  celebrated  Father  Am- 
brogio  Soldaniy  professor  of  mathematics  in  the  university  of  Sienna,' 
is  printing  there  his  dissertation  upon  this  extraordinary  phenome- 
Qoo ;  wherein^  as  I  have  been  assured,  he  has  decided  that  those 
stones  were  generated  in  the  air  independently  of  volcanic  assist* 
ance. 

Until  after  the  7th  of  July,  when  the  last  cloud  broke  over  Ye*' 
suvius,  and  formed  a  tremendous  torrent  of  mud,  which  took  its 
course  across  the  great  road  between  Torre  del  Greco  and  the  Torre 
deir  Annunziata,  and  destroyed  many  vineyards,  the  late  eruption 
could  not  be  said  to  have  finished,  although  the  force  of  it  was  ove^ 
the  22d  of  June,  since  which  time  the  crater  has  been  usually  vbible. 
The  power  of  attraction  in  mountains  is  well  known ;  but  whether 
the  attractive  power  of  a  volcanic  mountain  be  greater  than  that  of 
any  other  mountam»  is  a  question :  all  I  can  say  is,  that  during  this 
last  eruption  every  watery  cloud  has  been  evidentiy  attracted  by  Ve- 
suvius, and  the  sudden  dissohition  of  those  clouds  has  left  such 
marks  of  their  destructive  power  on  the  face  of  the  country  all 
round  the  basb  of  the  volcano  as  will  not  soon  be  erased.  Since  the 
mouth  of  Vesuvius -has  been  enlarged,  I  have  seen  a  great  cloud 
passing  over  it,  and.  which  not  only  was  attracted,  but  was  sucked 
in,  and  disappeared  in  a  moment. 

After  every  violent  eruption  of  Mount  Vesuvius,  we  read  of  da* 
mage  done  by  a  mephitic  vapour,  which  coming  from  under  the 
andent  lavas,  insinuates  itself  into  low  places,  such  as  the  cellars 
and  wells  of  the  houses  situated  at  the  foot  of  the  volcano.  After 
the  emption  of  1767, 1  remember  that  there  were  several  instances, 
as  in  this,  of  people  going  into  then:  cellars  at  Portici,  and  other 
parts  of  that  neighbourhood,  having  been  struck  down  by  this  va- 
pour, and  who  would  have  expired  if  they  had  not  been  hastfly 
removed.  These  occasional  vapours,  and  which  are  called  here 
m^e,  are  of  the  same  quality  as  that  permanent  one  in  the  Grotta 
del  Cane,  near  the  lake  of  Agnano>  and  which  has  been  proved  to 
be  chiefly  6ttil  air.  The  vapours,  that  in  the  volcanic  language  of 
this  country  are  calledyi<ffiiiro/i,  are  of  another  nature,  and  issue  fix>m 
spots  all  over  the  fresh  and  hot  lavas  whilst  they  are  cooUng;  they 
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are  sulpliuttrouir  and  suffbtafhig,  so  tnxMi  so  that  dtitti  fitfe  bitds 
that  are  flyihg  oirer  item  are  overpovrereri,  and  ftll  down  dead*  of 
which  we  have  had  ihany  examples  during  this  emptiou,  particutarlj 
i>t  Wood  pigeons,  (hat  have  been  found  dead  on  the  lava.  These 
vapours  deposit  a  crust  of  sulphur,  Or  salts,  particularly  of  sal  am<& 
inoniac>  on  the  scoriflb  of  the  lava  through  which  they  passj  and  the 
small  crystals  of  which  they  ate  composed  are  ofleif  thrg^ci  With  a 
deep  or  pale  yellow,  with  a  brig;ht  red  like  cinnabar,  and  sometimes 
with  green,  or  an  azure  blue.  Since  the  late  eruption,  many  pieced 
of  the  scoriae  of  the  fresh  lava  have  been  found  powdered  With  a 
lucid  substance,  exactly  like  the  brightest  sted  Or  iron  filhlgs. 

The  first  appearance  of  Xht  mofete,  afler  the  late  eruption^  wds 
On  the  17th  of  June,  when  a  peasant  going  With  an  ass  to  hb  vine- 
yard, a  little  above  the  village  of  Resina,  in  a  narrow  hollow  wa^^' 
the  ass  dropped  down,  and  seemed  to  be  expiring;  the  peasant  wa^ 
soon  sensible  of  the  mephitic  vapour  himself,  and  wetl  knowing  its 
fatal  effects,  dragged  the  animal  out  of  its  influence,  and  it  soon  re- 
covered^ From  that  time  these  vapours  have  greatly  ititreasedy  antt 
extended  themselves.  There  arc  to  this  day  many  cellars  and  wells, 
all  the  way  from  Portici  to  Tof re  deir  Annunziata,  greatly  affected 
by  them.  This  heavy  vapour,  when  exposed  to  the  o{^n  air,  do^sr 
not  rise  much  liiore  tlian  a  foot  above  the  surface  of  the  earth,  but 
Ivhen  it  gets  into  a  cotifined  place,  like  a  cellar  or  well,  it  rises  and 
fills  them  as  any  other  fluid  would  do ;  having  filled  a  well,  it  rises 
Hbove  it  about  a  foot  high,  and  then  bending  over,  fafls  to  the  earthy 
on  which  it  spreads,  always  preserving  its  usual  level*  Wherevef 
this  vapour  issues,  a  wavering  in  the  air  is  perceptible,  like  thstt 
which  is  produced  by  the  burning  of  thartoal  *  and  i«4ien  it  himt 
from  a  fissure  near  any  plants  or  vegetables,  the  leaves  of  those  plants 
are  seen  to  move,  as  if  they  were  agitated  by  a  gentle  Wind.  It  Is 
extraordinary,  that  although  there  does  not  appear  to  be  any  poi« 
sonous  quality  in  this  vapour,  which  in  every  respect  resembles  fixed 
air,  it  should  prove  so  very  fatal  to  the  vineyards,  some  thousand 
acres  of  which  have  been  destroyed  by  it  since  the  late  eruption;  ' 
when  it  penetrates  to  the  roots  of  the  vines,  it  dries  them  up,  and 
&ills  the  plant  A  peasant  in  the  neighbourhood  of  Resina  having 
suffered  by  the  mojtie,  which  destroyed  his  vineyards  in  the  ye«r 
1767»  and  having  observed  then  that  the  vapour  followed  the  lawa 
of  all  fluids,  made  ^  narrow  deep  ditch  all  round  his  vineyard,  ^hidE 
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«<ittlii0niafite<l  witk  ftAcieMt  latas,  aftid  iiteo  to  a  deep  caV^fti  tmd^ 
ttme  <)f  <h^ ;  tfie  consequence  of  his  well-tettsoned-opersMioti  h&s 
been,  tfiat  attbougli  dtiitouttded  tt  present  bj  tlie^e  noxious  vapour^/ 
%nd  wfaicli  lie  consttantljr  at  the  h&tiom  of  his  ditth»  they  have  never 
entered  his  vineytrd,  and  his  vmes  are  now  in  a  flonrishing  state, 
ivhibt  those  of  his  neighbours  are  perishing.    Upwards  of  thirteen 
fauMdred  hams^  and  may  pheasants  and  pai^tidges,  overtaken  by  this 
i^aponr,  have  been  found  dead  withm  his  Sicilian  majesty's  resenred 
chases  in  the  neighbourhood  of  Vesuvius;  and  also  many  domestic 
cats»  who  in  their  pursuit  af^er  this  game,  fell  victims  to  the  fnofite^ 
A  few  days  ngo  a  shoal  of  fish,  of  several  hundred  weight,  having 
been  obs^ved  by  some  fishermen  at  Resiua  in  great  agitation  on  the 
surface  of  the  sea,  near  some  rocks  of  an  ancient  lava  that  had  run 
•bito  the  sea,  they  surrounded  them  with  their  nets;  and  took  them 
all  with  ease,  and  afterwards  discovered  tliat  they  had  been  stunned 
by  the  mephitic  vapour,  which  at  that  time  issued  forcibly  from  un- 
derneath the  ancient  lava  into  the  sea.    I  have  been  assured  by 
Inany  fishermen,  that  during  the  force  of  the  late  eruption  the  fish 
had  totally  abandoned  the  coast  from  Portici  to  the  Torre  delir* 
Annunziata,  and  that  they  could  not  take  one  in  their  nets  nearer 
the  shore  than  two  miles.    The  divers  there,  who  fish  for  the 
andni  (which  we  call  sea^eggs)  and  other  shell  fish^l&ewise  told  me, 
that  for  the  space  of  a  mile  from  that  shore,  since  the  eruption,  the;^ 
have  found  all  the  fidi  dead  in  their  sheUs,  at  they  suppose  eMher 
ftom  the  heat  of  the  sand  at  the  bottom  of  the  sea,  or  from  poison** 
ons  vaponrs.  The  divers  at  Naples  complahi  of  their  finding  also 
tnany  of  these  diell  fish,  or  as  they  are  called  here  in  general  termr 
fituiA  dt  mofe^  dead  m  their  shells. 

I  thought  that  these  little  well  attested  ikcts  might  contribute  to 
show  the  great  force  of  the  wond^rfbl  chemical  operation  of  nature 
flmt  has  lately  been  exhibited  here.  The  mofeiie,  or  fixed-air  va- 
pours, most  certmnly  have  been  generated  by  the  action  of  the 
vitriolic  acid  upon  the  calcareous  earth,  as  both  abound  in  Vesuvius. 
The  sublimations,  which  are  visibly  operating  by  the  chemistry  of 
nature  all  along  the  course  of  the  last  lava  that^'ran  from  Vesuvius, 
fmd  particularly  in  and  about  the  new  mouths  that  have  been  formed 
by  the  late  eruption  on  the  flanks  of  the  volcano,  faaVfing  been  ana- 
lysed by  Signor  Domenico  Tomaso,  an  ingenious  chembt  of  Naples, 
and  whose  experimentSi  and  the  result  of  thero«  are  now  published. 
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have  been  found  to  be  chiefly  sal  ammoiiiacy  mixed  with  a  snatt 
quantity  of  the  calx  of  iron :  but  not  to  betray  my  ignonmce  ob 
this  subject,  and  pretendmg  to  nothing  more  than  the  being  an 
exact  ocular  observer,  I  refer  you  to  the  work  itself,  which  accom- 
panics  thb  letter.  Many  hundred  weight  of  the  Vesuvian  sal  am- 
moniac have  been  collected  on  the  mountain  since  the  late  eruption 
by  the  peasants,  and  sold  at  Naples  to  the  refiners  of  nietak>  at  first 
it  was  sold  for  about  sixpence  a  pound,  but,  from  its  abundance,  the 
price  is  now  reduced  to  half  that  money ;  and  a  much  greater  quan- 
tity must  have  escaped  in  the  air  by  evaporation. 

The  situation  of  Mount  Vesuvius  so  nitar  r  great  capital,  and.  the 
facility  of  approaching  it,  has  certainly  afforded  more  opportunities 
of  watching  the  operations  of  an  active  volcano,  and  of  making  ob- 
servations upon  it,  than  any  other  volcano  on  the  face  of  the  earth 
has  allowed  of.  The  Vesuvian  Diaiy,  which  by  my  care  has  now 
been  kept  with  great  exactness,  and  without  interruption  for  move 
than  fifteen  yean,  by  the  worthy  and  ingenious  Padre  Antonio 
Pisggi,  as  mentioned  in  the  beginning  of  this  letter,  and  which  it  is 
my  intention  to  deposit  m  the  library  of  the  Royal  Society,  will  also 
throw  a  great  light  upon  this  curious  subject.  But  as  there  is  every 
reason  to  believe,  with  Seneca  *,  that  the  seat  of  the  fire  that  causes 
these  eruptions  of  volcanoes  is  by  no  means  superficial,  but  lies  deep 
in  the  bowels  of  the  earth,  and  where  no  eye  can  penetrate,  it  will, 
I  fear,  be  ever  much  beyond  the  reach  of  the  limited  human  under- 
standing to  account  for  them  with  any  degree  of  accuracy.  There  are 
modem  philosophers  who  propose,  with  as  great  confidence,  the  erect- 
ing of  conductors  to  prevent  the  bad  efiects  of  earthquake  and  volca- 
noes, and  who  promise  themselves  the  same  success  as  that  which 
attended  Dr.  Franklin's  conductors  of  lightning;  for,  as  they  say,  all 
proceed  from  one  and  the  same  cause,  electricity.  When  we  reflect 
how  many  parts  of  the  earth  already  inhaluted  have  evidently  been 
thrown  up  from  the  bottom  of  the  sea  by  volcanic  explosions,  and 
the  probability  of  there  being  a  much  greater  portion  under  the 
same  predicament,  as  yet  unexplored,  the  vain  pretensions  of  weak 
mortals  to  counteract  such  great  operations,  carried  on  surely  for  the 


*  *<  Non  ipse  ex  se  est,  sed  in  aliqoa  infema  valle  conceptns  ezcstoat,  et 
«  alibi  pascitnr ;  in  ip$Q  monte  non  uUmentum  habet,  ied  vt'afii."-*^iicc8, 
Epist.  t9. 
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wisest  piirposesby  the  beneficent  Author  of  nature,  appear  to  me  to 
be  quite  ridiculous. 

let  us  then  content  ourselves  with  seeing,  as  well  as  we  can,  what 
We  are  permitted  to  see,  and  reasdn  iipon  it  to  the  best  of  our  limited 
iinderstandings,  well  assured  that  whatever  is,  is  right. 
.  The  late  sufferers  at  Torre  del  Greco,  although  His  Sicilian  l^a* 
jesty,  with  his  usual  clemency,  ofiered  thema  niore  secure  spot  to 
rebuild  their  town  on,  are  obstinately  ebiployed  in  rebuilding  it  on 
the  late  and  still  smoking  lava  that  coV^s  their  former  habitations; 
dnd  there  does  not  appear  to  be  any  sitdtatioin  more  exposed  to  the 
numerous  dangers  that  must  attend  the  neighbourhood  of  an  active 
volcano  than  that  of  Torre  del  Greco.  It  was  totally  destroyed  in 
1631 ;  aiid  in  the  year  1737  a  dreadful  lava  ran  within  ai  few  yat;^s 
of  one  of  the  gates  of  the  town,  and  now  over  the  middle  of  it ;  .ne- 
vertheless, such  is  the  attachment  of  the  inhal^itants  to  their  native 
spot,  although  attended  with  such  imminent  danger/ that  of  i  8,000 
not  one  gave  hb  vote  to  abandon  it.  'W'hen  i  was  in'  Calabria, 
during  the  earthquakes  of  1782?,  I  observed  in  the  Calabrese  the 
same  attachment  to  nitive  soil;'  som^  of  the  towns  that  were  totally 
destroyed  by  the  earthquakes,  and  which  had  been  ill  situated  in 
every  respect, 'and  in  a  bad  air,'  were  to  be  rebuilt/  and  yet  it  re- 
quired the  authority  of  government  to  dblige  the  inhabitants  of  those 
ruined  towns  to  change  their  situation  for  a  much  better^ 

Upon  the  whole,  having  rkd  every  account  of  the  former  erup- 
iions  of  Mount  Vesuvius,  I  am  w^ll  coiifvinted  that  this  eruption  was 
by  far  the  most  violent  that  has  been  recorded  after  the  great  erup« 
tions  of  79  and  idsii  which  were  undoubtedly  still  more  violent 
and  destructive.  The  same  phenomenon  attended  the  last  eruption 
as  the  two  former  abovementioned,  but  on  a  less  scale,  and  without 
ihe  circumstance  of  the  sea  having  retired  from  the  coast.  I  re- 
marked more  than  once,  whilst  I  was  in  my  boat,  an  unusual  motion 
in  the  sea  during  the  late  eruption.  On  the  18th  of  June  I  observed, 
and  so  did  my  boatman,  that  although  it  was  a  perfect  calm,  the 
w^ves  suddenly  rose  and  dashed  against  the  shore,  causing  a  white 
foam,  but  which  subsided  in  a  few  minutes.  On  the  15th,  the  night 
bf  the  great  eruption,  the  corks  that  support  the  nets  of  the  royal 
tunny  fishery  at  Portici,  and  which  usually  float  upon  the  surface  of 
the  sea,  were  suddenly  drawn  under  water,  and  remained  so  for  a 
ibort  space  of  time,  which  uidicates,  that  either  there  must  hav« 

VOL.  li  Si 
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been  at  that  time  a  swell  in  the  sea,  or  a  depression  or  sinkuig  of 
the  earth  under  it. 

From  what  we  have  seen  lately  here,  and  from  what  we  read  of 
former  eruptions  of  Vesuvius^  and  of  other  active  volcanoes,  their 
neighbourhood  must  always  be  attended  with  danger;  with  this 
consideration,  the  very  numerous  population  at  the  foot  of  Vesuvius 
h  remarkable.  From  Naples  to  Cas1el-a-mare,  about  fifteen  miles* 
is  so  thickly  spread  with  houses  as  to  be  nearly  one  continued 
street,  and  on  the  Sotnmaside  of  the  volcano,  the  towns  and  villages 
are  scarcely  a  mile  from  one  another;  so  that  for  thu-ty  miles^ 
which  js  the  extent  of  the  basis  of  Mount  Vesuvius  and  Sommai  the 
population  may  be  perhaps  more  numerous  than  that  of  any  spot 
of  a  like  extent  in  Europe,  in  spite  of  the  variety  of  dangers  attend- 
ing such  a  situation. 

With  the  help  of  the  drawings  that  accompany  this  account  of  th^ 
late  eruption  of  Vesuvius,  and  which  I  can  assure  you  to  be  faithM 
representations  of  what  we  have  seen,  I  flatter  myself  I  shall  have 
enabled  you  to  have  a  clear  idea  of  it ;  and  I  flatter  myself  also, 
that  the  communication  of  such  a  variety  of  well  attested  phlbno- 
mena  as  have  attended  this  formidable  eruption,  may  not  only  prove 
acceptable,  but  useful  to  the  curious  in  natural  history, 

tn  a  subsequent  letter  from  Sir  William  Hamilton  to  Sir  Joseph 
Banks,  dated  Castel»a-mare,  anciently  Stabiae,  Sept.  2, 1794,  are 
the  two  following  remarks,  to  be  added  to  this  paper. 

1.  Within  a  mile  of  this  place  the  mqfete  are  still  very  active^  and 
particularly  under  the  spot  where  the  ancient  town  of  Stabi%  was 
situated.  The  24th  of  August^  a  young  lad  by  accident  ^ling  into 
a  well  there  that  was  dry,  but  full  of  the  mephitic  vapour,  was  im» 
mediately  suffocated ;  there  were  no  signs  of  any  hurt  from  the  fell, 
as  the  well  was  shallow.  This  circumstance  called!  to  my  mind  the 
death  of  the  elder  Pliny,  who  most  probably  lost  his  life  by  the 
same  sort  of  mephitic  vapours,  on  this  very  sffot,  and  which  are 
active  after  great  eruptions  of  Vesuvius. 

2.  Mr.  James,  a  British  merchant,  who  no#  lives  in  this  neigli- 
bourhood,  assured  me  that  on  Tuesday  night,  the  17th  of  June 
tvhich  was  the  third  day  after  the  eruption  ctf  Mount  Vesuvius^  he 
was  in  a  boat  with  a  sail,  near  Torre  del  Oreco,  when  the  minute 
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tiahesy  so  often  mentidned  in  my  letter,  fell  thick ;  and  that  in  tb^ 
dark  they  emitted  a  pale  light  like  phosphorus,  so  that  his  hat,  those 
of  the  boatmen,  and  the  part  of  the  sails  that  were  covered  with  the 
ashes,  were  luminous.  Others  have  mentioned  to  me  the  having 
seen  a  phosphoric  light  on  Vesuvius  after  this  eruption ;  but  until  it 
was  confirmed  to  me  by  Mr.  James^  I  did  not  choose  to  say  any 
thing  about  it^ 

iPhil.  Trans.  1795.] 

CHAP.  X. 

iTNA    AND    ITS    ERUPTI6n^« 


Wb 


SECTi  I. — General  History. 

^  E  have  purposely  dwelt  with  considerable  minuteness  upon  this 
volcanic  phaenoniena  of  Vesuvius  in  the  precluding  chapter,  not  only 
because  they  have  been  more  explicitly  detailed  than  those  of  any 
similar  mountain,  but  that  We  might  bring  the  history  of  this  class 
of  naturieli  wondets  as  much  as  possible  into  otie  form,  tn  the  vol- 
canoes which  we  shall  yet  think  it  our  duty  to  describe,  we  shall  en- 
deavour to  confine  ourselves  to  th6  peculiar  and  prominent  features 
by  which  every  one  is  distinguished  from  every  other. 

Etna  is  the  most  striking  phenomenon  of  the  island  of  Sicily;  and 
though  less  frequently  delineated  than  Vesuvius,  is  so  much  more 
gigantic,  that  the  latter,  if  placed  by  the  side  of  it^  wbuld  seem 
nothing  more  than  a  small  ejected  hillj  and  is  m  fact  not  longer 
than  several  of  the  mountams  by  which  it  is  surrounded.  The  whole 
circuit  of  the  base  of  Vesuvius  does  not  exceed  thirty  miles^  while 
Etna  covers  a  space  of  a  hundred  and  eighty  miles,  and  its  height 
abote  the  level  of  the  sea  is  computed  at  not  less  than  eleven  thou- 
sand feet :  and  while  the  lava  of  the  first  not  often  devolves  its  str** 
further  than  to  an  extent  of  seven  miles,  Etna  will  emit  a  -^ 
fire  capable  of  traversing  a  path  of  thirty  miles.    The  cr?  l^Cfuid 

suvius,  moreover,  has  seldom  exceeded  half  a  mile  m  c-  Mt  of  Ve^ 
while  that  of  Etna  is  commonly  three,  and  sometir  ^mference^ 
the  best  de»cripti6n  of  this  crater,  which  we  h  ^e^'six,  miles.— 
own  day,  is  that  givbn  by  Spalanzani.  Acco  -»▼«  x^ctvitA  in  oui^ 
an  oval  extending  from  east  to  west,  inclo  ^**lg  to  him,  it  forms 
lava  and  scorise  >  the  inner  sides  being         -^  by  Vast  fragments  of 

^  p  ^        of  various  declinations,  nh 
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crusted  with  orange  coloured  concretions  of  muriat  of  ammonis^, 
the  sal  ammoniac  of  the  shops.  The  bottom  is  a  plain  nearly  hori- 
zontal, about  two-thirds  of  a  mile  in  circumference^  with  a  large 
circular  aperture,  giving  rent  to  a  column  of  white  smoke,  below 
which  is  visible  a  liquid  fiery  matter,  like  metal  boiling  in  a  furnace* 
Such  is  the  height  of  Etna,  that  its  eruptions  rarely  attain  its  summit, 
but  more  usually  break  out  at  its  sides.  Near  the  crater  begins  the 
region  of  perpetual  snow  and  ice ;  which  is  followed  by  a  woody  do-  ^ 
main,  consisting  of  vast  forests  of  oaks^  beeches,  firs  and  pines,  •. 
while  the  areola  of  the  crater  k  almost  destitute  of  vegetation.  In 
this  middle  region  appear  also  chesnut  trees  of  enormous  size,  onm^ 
whichy  dbtingubhed  by  the  name  of  cento  cavallo  (troop  of  horses)  ^ 
'  measures  not  less  than  two  hundred  and  four  feet  in  circumference.  * 
Etna  is  perhaps  one  of  the  oldest  volcanoes  in  Europe ;  and  though 
less  minutely  described  by  modern  philosophers  and  travellers  than 
Vesuvius,  obtained  far  more  of  the  attention  of  the  Greek  and  Ro- 
man writers.  The  fire  which  is  so  perpetually  burning  in  its  bowels 
induced  the  poets  to  place  in  this  tremendous  cavity  the  forges  of  the 
Cyclops,  who  were  placed  under  the  government  of  Vulcan,  and 
the  prison  of  the  giants  who  rebelled  against  Jupiter.  These  fictions 
progressively  grew  into  popular  truths  among  the  vulgar,  who  re- 
garded Etna,  in  consequeuce,  as  the  residence  of  Vulcan,  aud  the 
seat  of  his  empire.  And  hence  they  erected  a  temple  to  him  on  the 
mountain,  in  which,  according  to  M\hn,  a  perpetual  fire  was  main- 
tained, in  the  same  manner  as  in  the  temple  of  Vesta^  this  element 
being  an  appropriate  Vulcanic  symbol. 

Homer  makes  mention  of  Mount  Etna,  but  at  the  same  time^ 

takes  no  notice  of  its  eruptive  power ;  and  hence  there  is  a  strong 

presumptive  proof  that  its  volcanic  properties  were  unknown  at  that 

sera.    Thucydides  is  the  earliest  historic  writer  that  alludes  to  these 

''^noraena.    He  enumerates  three  eruptions  of  the  mountain  to- 

pii.        ^  the  conclusion  of  his  third  book,  one  of  which  he  fixes  at  four 

wards         "«md  seventy-four  years  before  the  birth  of  our  Saviour,  a  se- 

hundri^  ^        -^ars  later,  while  to  the  third  he  assigns  no  date  what- 

cond  fifty  yv         '•omposed  an  ode  in  the  78th  Olympiad,  about  four 

ever.    Pindar  *.  the  second  eruption,  and  adverted  to  by  Thucy- 

or  hve  years  after  .        \^scribes  its  violence,  and  retains  the  popular 

dides,  in  which  be  Ov         ♦  Jupiter  had  buried  the  giants  iu  itsbov^els, 

fable  just  alluded  to,  tba.         -^t  loose  was  the  cause  of  the  fiery  com- 

and  that  their  struggle  to  g 
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motion  \  Lucretius  has  referred  to  the  volcanic  powers  of  Etna  in 
various  places.  Jn  bis  sixth  book  he  endeavours  more  philosopbi* 
caliv  to  account  for  them  ;  and  his  first  describes  the  island  of  Sicily 
so  picturesquely,  and  at  the  same  time  pays  so  elegant  a  compliment 
to  Empedocles,  who  was  a  native  of  it,  that  we  cannot  forbear 
ijuoting  the  passage,  which  is  as  follows^  V,  717* 

Qooruin  Agragantinus  cum  primis  Empedocles  est : 
Insula  quem  triquetris  terrarum  gessit  in  oris ; 
Quam  flultans  circum  magnis  amfractibus  aequor. 
Ionium  glaucis  adspargit  virus  ab  undis, 
^olise  terrarum  oras  a  finibus  eju^^ 
Heic  est  vasta  Charybdis,  et  beic  i£tnea  minanter 
Murmnra,  flammarutaa  rursum  se  contigere  iras, 
Faucibus  eruptos  iterniK  i|t  yisevomatigiieis, 
Ad  coelumque  ferat  flamiQiii  fulgura  rursum. 
QnsB  quom  magna  modi»  Aiultis  miranda  videtur 
Gentihus  humanis  legio,  visundaque  fertur, 
Rebus  opima  bonis,  multA  munita  viriUn  vi ; 
Nihil  tamen  hoc  habuisse  viro  prseclarius  in  se, 
Nee  sanctum  magis,  et  miruni,  canunque,  videtur. 
Oarmina  quin  etiam  divini  pectoris  ejus 
Vociferantur,  ct  exponunt  prseclara  reperta  ; 
ITt  viz  humajQ^  videa,<ur  stirpe  creatus. 

T&U6  siutg  Empedocles,  in  honest  fame, 
First  of  hi9«eci  i  whom  Agrigentium  bore 
In  cloud-capt  Sicily.    The  sinuous  shores, 
Th'  Ionian  main,  with  hoarse  unwearied  wave 
Surrounds,  and  sprinkles,  with  its  briny  dew ; 
And  from  the  fair  iBouAN  ftetds  divides 
With  narrow  frith  that  spurns  the  impetuous  surge.  , 

Here  vast  Chartbdis  raves ;  here  JStna  rears 
His  infant  thunders,  his  dread  jaws  unlocks. 
And  hea?en  and  earth  with  fiery  ruin  threats; 
Here  many  a  wonder,  many  a  scene  sublime, 
'"As  on  he  journeys,  checks  the  traveller's  steps ; 
And  shews,  at  once,  a  land  In  harvests  rich. 
And  rich  in  sages  of  illustrious  fkme. 
But  nought  so  wondrous,  so  ittustrious  nought. 
So  fair,  so  pure,  so  lovely  can  it  boast, 
Bmpidocles,  as  thou !  whose  song  divine, 
By' all  i^ehears'd,  so  clears  each  mystic  lore. 
That  scarce  mankind  belie?'d  thee  bom  of  man.  Good. 

•  Pyth.  Od.  I. 
2  D  3 
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No  country,  indeed,  has  a  juster  riglit  to  boast  of  the  men  of 
learning  it  has  produced  than  ancient  Sicily.  In  proof  of  which  it 
nay  be  sufficient  to  add  to  the  name  of  Empedocles,  those  of  Ms' 
chylus,  Diodorus  Sicuhis,  Gorgias,  Euclid^  Archimedes,  Epichar- 
IDUS,  Theocritus, — Editor. 

SECTION    i^. 

Chronological  Account  of  the  several  Fires  of  Mount  Etna. 

To  pass  by  what  is  related  by  Berosus,  Orpheus,  and  other  less 
credible  authors^  about  the  eruptions  of  this  mountain^  both  at  the 
^ime  of  the  ingress  of  the  Ionian  colonies  into  Sicily,  and  that  of  the 
Argonauts  (which  latter  was  in  the  twelfth  age  before  the  Christian 
account ;)  we  shall  first  take  notice  of  that  which  happened  at  the 
time  of  the  expedition  of  ^neas,*  who  being  terrified  by  the  fire  of 
this  then  burning  mountain,  left  that  island  ;  whereof  Virgil,  1.  3^ 
^eid,  gives  this  notable  descnYtioDTriEncid  iii. 

Ignarique  viae,  Cyclopum  allabimar  oris., 
Portus  ab  accessa  ventoruni  iomiotns  et  iogeiia. 
Ipse  sed  horriAcisjuxta  tonat  JEtna.  rainis, 
iDterdumque  etiam  pronimpit  ad  aetliera  nubem 
Turbine  fumantem  piceo  et  candente  favilla. 
Attollitqae  globos  flammanim,  et  sider^  lambit* 
loterdmn  scopulos,  avulsaqoe  viscera  montis 
Brigit  eractans,  liquefactaqoe  saxa  sub  auras 
pum  gemltu  glo^erat,  fundoque  evsestuat  imo. 

Tbe  Yfind  now  sipking  with  the  lamp  of  day. 

Spent  wilh  her  toils,  and  dubious  of  the  way  ; 

We  reach  the  dire  Cyclopeai[i  shore,  that  forms 

An  ample  port,  impervious  tq  the  storms. 

But  Etna  roars  w'Uh,(^readfiil  ruins  nigh, 

>fow  hurls  a  cloud  of  bursting  cinders  high, 

InvolvM  in  smoky  whirlwinds  to  the  sky  ; 

Wkh  loqd  displosion,  to  the  s-*arry  frame 

Shoots  fiery  globes,  and  furious  floods  of  flame ; 

Now  from  her  bellowing  caverns  burst  away 

Vast  piles  of  melted  rocks  in  open  day ; 

HershattepM  entrails  wide  the  mountain  throws. 

And  deep  as  hell  hex  burning  center  glows.  Pitt. 

After  this  we  find  in  Thucydides,  that  in  the  76th   olympiad. 


♦  As  we  have  no  other  authority  for  the  eruption  here  referred  to  than 
^ai  of  the  ^neid,  there  can  be  little  doubt  that  the  poet  invented  it  to  suit 
his  purpose. — Editor. 
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^hich  is  about  4/6  years  before  Christ,  there  was  another  fa^,  and 
Hbout  fifty  years' after,  another. 

Then,  mthe  time  of  the  Roman  consuls,  there  happened  four 
eruptions  of  Etna,  recorded  by  Diodorus  Siculus  and  Polybins, 

The  next  was  in  the  time  of  Julius  Csesar,  related  by  the  said 
Diodorus  to  have  been  so  fierce,  that  the  sea  about  Lipara  (an  island 
near  Sicily)  by  its  fervent  heat  bwnit  the  ships,  and  killed  all  fishes 

thereabout. 

Another  we  read  of  in  the  reign  of  Caligula,  about  forty  years  ^fter 
Christ,  which  was  so  dreadful,  that  it  made  that  Emperor^  who 

was  then  in  Sicily,  to  fly  fqr  it.  . 

About  the  martyrdom  of  the  Romish  St.  Agatha,  it  burned  again 
very  fiercely  ;  though,  some  say,  that  by  virtue  of  her  mtercession, 
it  was  stayed  from  reaching  Catania. 

Again  it  burned  A.  C  912,  hi  the  reign  of  Charies  M. 

Then  from  the  year  U60  to  1^9.  all  Sicily  was  shaken  with 
•pany  terrible  earthquakes,  and  the  eruptions  of  the  same  mountain 
destroyed  a  vast  tract  of  inhabited  land  r«^und  about  it,  and  reached 
as  fiir  as  Catania ;  the  cathcdnil  of  which  it  destroyed,  and  the  re- 

ligious  men  residing  in  it.  .      .      1 1    i:     ^u^„t 

Again  in  the  year  1264,  tbere  happened  another  terrible  fire  about 
the  time  of  the  death  of  Charies.  king  of  Sicfly  and  Arragon. 

A.  1329  until  1333  there  w^s  another.   A.  140anothW' 

A.  1414  another,  which  Iststed  till  1447. 

A.  1536  another,  which  lasted  a  year. 

A.  1633  another,  contiftuing  several  years, 

A,  1650,  it  burnt  on  the  north-east  side,  and  vom.ted  so  muc^ 
fire,  that  by  the' fiery*  torrents,  caused  thereby  great  devastation 
was  made,  as  Kirch«  relates  m  his  MundusSuUerraneus.-  who« 
assistance  behave  also  made  use  of  in  the  foregomg  chronotogy, 
together  with  that  of  Philotheus.  ,r  .k«™pH    that 

The  same  author,  having  been  ip  S.cly  hiniself;  «>bsemd  t  «t 
the-  people  of  Catania,  digging  for  Pf"-  «»-\^^Jf  ,^"f^  ^^ 
depth  of  one  hundred  palms  (which  is  about  s.xty.e,ght  feet)  streets 
J  S^ith  marble,  and  many  footsteps  o^^^^^^^^^^^^ 
that  towns  have  stood  there  in  former  ages,  which  may  have-  been 
^JSed  by  the  matter  cast  out  of  this  mountam.  They  have 
JCfouT--^l  »>""«-  of  pumice  stones,  doubtless  made  by  th* 
n  of  the  fiery  torrents,  the  earth  bri^g  very  much  rai^d  since. 

Now  whet  Jr  these  erupUons  are  caused  by  actual  subterraneous 
Zl^^^u^  combustible  matter ,  or  by  fire  ..ruck  out  «( 
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falling  aod  breakiog  stones^  whose  sparks  meet  with  nitro-sulpb^* 
feous  or  other  ioOamniable  subtances  heaped  together  in  the  bowels 
of  the  earth,  aod  by  the  expansive  violence  of  the  fire  forced  to 
take  more  room,  and  so  bursting  out  with  the  impetuosity  we  see; 
may  not  be  iinworthy  of  a  philosopher's  speculation. 

[Phil.  Trans.  166^.] 

SECTION    III. 

Eruption  of  Etna  in  1669;  os  communicated  by  several  inqui' 
sitive  English  merchants  at  that  time  resident  in.Sicily. 

Touching  the  fore-runners  of  this  fire,  there  was,  for  the  space  of 
eighteen  days,  before  it  broke  out,  a  very  thick  dark  sky  in  those 
parts,  with  thunder  and  lightning,  and  frequent  concussions  of  the 
earth,  \yhich  the  people  make  terrible  reports  of,  though  I  never 
saw  nor  beard  of  any  buildings  cast  dqwp  thereby,  save  a  small 
town  or  village,  called  Nicolosi ;  about  half  a  mile  distant  from  the 
New  Mouth,  sfud  some  such  other  slight  buildings  among  those 
towns,  that  were  after  over  run  by  the  fire.  Besides,  it  was  ob- 
served that  the  old  top  or  mouth  of  Etna  did,  for  two  or  three 
months  before,  rage  more  than  usual ;  the  like  of  which  did  Volcan 
and  Stromboli,  two  burning  mountains  to  the  westward.  And  the 
top  of  Etna  must  about  the  same  time  have  sunk  down  into  its  old 
vorago  6r  hole,  in  that  'tis  ?igreed  by  all,  that  had  seen  this  moun* 
tain  before,  that  it  was  very  much  lovf  ered.  Other  fore-runners  of 
this  fire  I  have  not  beard  nor  met  with, 

.It  first  broke  out  on  the  eleventh  of  March,  l6^,  about  two 
hours  before  night,  and  that  on  the  south-east  side  or  ski^  of  the 
mountain,  about  twenty  miles  beneath  the  Old  Mouth  ;  and  ten  miles 
from  Catania.  At  first  it  was  reported  to  advance  three  miles  in 
twenty-four  hours  ;  but  at  our  being  there  (viz.  April  5,)  when  we 
were  come  within  a  short  mile  of  Catania,  it  scarce  moved  after  the 
rate  of  a  furlong  a  day ;  and  after  this,  degree  of  progress  it  continued 
for  fifteen  or  twenty  days  after,  passing  under  the  walls  of  Catania 
a  good  way  into  the  sea  j  but  about  the  latter  ^nd  of  this  month, 
and  the  beginning  of  May  (whether  it  was  that  the  sea  could  not 
receive  this  mattex  fast  enough,  or  rather  that  the  mouth  above  did 
cast  forth  a  larger  quantity)  it  bent  all  its  force  against  the  city ; 
and  having  wrought  itself  up  even  with  the  walls  thereof,  over  it 
passed  in  divers  places  ;  but  its  chief  fury  fell  upon  a  very  stately 
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fiomentf  yfhkh  was  that  of  the  Benedictines,  having  large  garden^ 
and  other  ground  betwixt  them  and  the  wall  :  which  when  it  had 
filled  up,  it  fell  with  all  \U  fprce  on  the  convent,  where  it  met  will) 
strong  resistance,  which  made  it  swell  (as  usually  it  did  where  it 
met  with  any  obstruction)  almost  as  high,  as  the  higher  shops  io 
tlie  old  Londpn  exchange,  this  convent  being  built  much  after 
that  fashion,  though  considerably  bigger.  Some  parts  of  this  wall 
were  driven  in,  whole  and  entire,  almost  a  foot,  as  appeared  by  the 
rising  of  the  tiles  in  the  midst  of  the  floor,  and  bending  of  the  iron^ 
bars  that  went  cross  above#  And  'tis  certain,  had  this  torrent  fallen 
|n  some  other  part  of  the  town,  it  would  have  made  great  havoc 
jamongstth^ir  ordinary  buildings,  but  here  its  fury  ceased  the  fourth 
of  May,  rqnning  hence  forward  in  little  channels  or.  streams,  ancji 
fliat  chiefly  into  the  sea.  It  had  overwhelmed  in  the  upland 
(Country  some  fourteen  towns  and  villages,  whereof  some  were  of 
good  pote,  containing  three  or  four  thousand  inhabitants,  and  stood 
in  ^  very  fruitful  and  pleasant  country,  where  the  fire  had  never  made 
ppy  devastation  before ;  but  now  there  is  not  so  much  as  any  sigq 
where  9uch  towns  have  stood  }  only  the  church  and  steeple  of  one 
of  them  ;  which  stood  alone  upon  a  high  ground,  does  still  appear. 
As  to  the  matter  which  thus  ran,  it  was  nothing  else  but  divers 
kinds  of  metals  and  minerals,  rendered  liquid  by  the  fierceness  <^ 
the  fire  in  the  bowels  of  the  earth,  boiling  up  and  gushing  forth^ 
like  the  water  doth  at  the  bead  of  some  great  river;  and  having  run 
in  a  f^ll  body  for  a  good  stone's  cast  or  more,  the  extremities  there- 
of began  to  crust  and  curdle,  becoming,  when  cold,  those  hard 
porous  ston^,  which  the  people  call  Sciarri,  having  the  nearest  re- 
semblance  to  huge  cakes  of  sea-coal,  full  of  a  fierce  fire.  These 
came  rolling  and  rumbling  over  one  another,  and  where  they  met 
with  a  bank,  would  fill  up  and  swell  over,  by  their  weight  bearing 
down  any  common  building,  and  burning  up  what  was  combustible. 
The  chief  motion  of  this  matter  was  forward,  but  it  was  also  dilating 
itself,  as  a  flood  of  water  would  do  on  even  ground,  thrusting  out 
several  arms,  or  tongues,  as  they  call  them* 

About  two  or  three  of  the  clock  in  the  night,  we  mounted  an 
high  tower  in  Catania,  whence  we  had  a  full  view  of  the  mouth ; 
which  was  a  very  terrible  sight,  viz.  to  see  so  great  a  mass  or  body 
of  mere  fire.    Next  morning  we  would  have  gone  up  to  the  mouth 
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itself,  but  durst  not  come  nearer  than  a  furlong  off,  for  fear  of 
being  overwhelmed  by  a  sudden  turn  of  the  wind,  wliich  carried  up 
into  the  air  some  of  that  vast  pillar  of  ashes,  which  to  our  appre- 
hension exceeded  twice  the  bigness  of  Paul's  «teeple  in  London^  and 
went  up  in  a  straight  body  to  a  iar  greater  height  that  that ;  the  whole 
air  being  thereabout  all  covered  with  the  lightest  of  those  ashe^ 
blown  off  from  the  top  of  this  pillar :  And  from  the  first  breaking 
forth  of  the  fire  until  its  fury  ceased  (being  fifty-four  days)  neither 
sun  nor  star  were  seen  in  all  that  part. 

From  the  outside  of  |his  pillar  fell  off  great  quantity  of  stcmes, 
but  none  very  big,  neither  could  we  discern  any  ^re  in  them,  nor 
come  to  see,  where  that  fiery  stuff  broke  out,  there  being  a  great 
bank  or  hill  of  aslies  betwixt  it  and  us. 

At  the  mouth  whence  issued  the  fire,  or  ashes,  or  bot^,  was  a  . 
continual  noise,  like  the  beating  of  great  waves  of  the  s«a  against 
rocks,  or  like  thunder  afar  off,  which  sometimes  I  have  heard  here 
in  Messina,  though  situated  at  the  foot  of  high  hills,  and  sixty  miles 
off.  It  hath  also  been  heard  one  hundred  miles  northward  of  this 
place,  in  Calabria,  (as  I  have  been  credibly  informed)  whither  the 
ashes  have  also  been  carried  :  and  some  of  our  seamen  have  also  re* 
ported,  that  their  decks  were  covered  therewith  at  Zante,  though  its 
likely  not  very  thick. 

Of  those  burnt  stones  or  sciarri,  I  have  some  by  me  of  divers 
qualities,  and  shall  procure  what  more  I  can,  to  be  sent  by  the  first 
passage. 

About  the  middle  of  May  we  made  anotl]^r  journey  thither, 
where  we  found  the  face  of  things  much  altered,  the  city  of  Catania^ 
being  three  quarters  of  it  compassed  round  with  these  sciarri,  as. 
high  as  the  top  of  the  walls ;  and  in  many  places  it  had  broke  over. 
The  first  night  of  our  arrival  a  new  stream  or  gutter  of  fire  broke 
forth  among  some  sciarri,  which  we  were  walking  upon  an  hour  or 
two  before,  and  they  were  as  high  as  to  be  even  with  the  top  of  the 
wall.  It  poured  itself  down  into  the  city  in  a  small  gutter  of  about 
three  foot  broad,  and  nine  foot  long  of  mere  fire,  the  extremities 
still  fiilling  off  into  those  sciarri ;  but  this  stream  was  extinct  by  the 
next -morning,  though  it  had  filled  up  a  great  void  place  with  its 
seiarri.  The  next  night  was  another  much  bigger  channel  disco- 
vered,  pouring  itself  over  another  part  of  the  wall  into  the  castle- 
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ditch,  which  continued  (as  we  were  informed)  some  days  after  our 
departure.  Divers  of  these  small  rivulets  did  run  at  the  same  time 
into  the  sea,  and  it  does  so  sti^  at  this  very  day,  though  faintly. 

It  was  observed,  that  those  streams  of  fire  never  grew  broader 
nor  vbibly  longer,  nor  moved  out  of  the  place  they  were  seen  in  ; 
which  put  us  a  little  ifiore  to  examine  their  working,  and  we  did 
conclude,  that  not  only  then,  btit  in  the  fury  also  of  its  running,  it 
made  itself  certain  crusted  gutters  to  run  in^  to  keep  itself,  as  it 
were  from  the  air,  which  by  degrees  did  cool  and  fix  it,  as  more 
plainly  appeared  above  at  the  mouth,  where,  the  first  time  of  our 
going  thither,  we  found  the  sciarri  generally  thus  cooled  and  fixed. 
And  hence  also  it  mi^ht  proceed,  that  these  live  sciarri,  meeting 
with  any  bank  or  high  ground,  would  puff  and  swell  up,  till  they 
had  overcome  it;  so  that  in  many  places,  especially  under  the  walls 
of  Catania,  were  vallies  of  those  sciarri,  and  the  fire  never  broke 
forth,  or  discovered  itself  in  those  streams^  until  it  had  gained  its 
iieight ;  for  thos^  rivulets  ever  went  declining. 

Having  spent  a  couple  of  days  about  Catania,  we  again  went  up 
to  the  mouth,  whei^  now  without  any  danger  of  fire  or  ashes  we 
could  take  a  free  view  both  of  tlie  old  and  new  channel  of  the  fire, 
and  of  that  great'mountain  of  ashes  cast -up.  That,  which  we  guessed 
to  be  the  old  bed  or  channel,  was  a  three-cornered  plot  of  abont 
two  acres,  with  a  crust  of  sciarri  s^t  the  bottom^  and  upon  that  a 
small  crust  or  surface  of  brimstone.  It  was  hedged  in  on  each  side 
with  a  great  bank  or  hill  of  ashes,  and  behind  and  at  the  \ipper  end 
rose  up  that  huge  mountain  of  the  same  matter.  Between  those  two 
banks  the  fire  seems  to  have  had  its  passage.  At  the  upper  end  in 
the  nook  upon  a  little  hillock  of  crusted  sciarri  was  an  hole  about  ten 
icet  wide,  whence  'tis  probable  the  fire  issued  ;  and  it  might  have 
liad  several  other  such  holes,  since  either  crusted  over  or  covered 
with  ashes.  At  the  bottom  of  this  hole  the  fire  was  seen  to  flow 
along,  and  below  it  was  a  channel  of  fire,  beneath  that  surface  of 
sciarri,  which  being  cleft  atop  for  some  space^  we  had  an  easy  and 
ieisureable  view  of  the  metal  flowing  along;  whose  superficies  might 
be  a  yard  broad>  though  posdbly  it  carried  a  greater  breadth  under- 
neath, the  gutter  going  sloping.  What  depth  it  had>  we  could  not 
gu^ss :  it  was  impenetrable  by  iron  hooks,  and  other  instruments 
we  had.  We  were  very  desirous  to  have  got  some  of  this  matter  at 
the  spring  head,   but  we  could  penetrate  no  more  into  it,  than 
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with  one's  finger  into  the  palm  of  the  liaud.  *Tis  likely  that  some 
running  may  have  been  more  yielding  than  we  found  this.  Front 
this  channel^  but  especially  from  that  hole  above  it,  issued  great 
«tore  of  a  strong  sulphureous  smoke,  wherewith  some  of  our  com- 
panions were  at  first  almost  stifled  through  inadvertency.  About 
once  in  a  quarter  of  an  hour  there  would  rise  a  pillar  of  smoke  or 
ashes,  but  nothing  comparable  to  the  former ;  which  seemed  to 
come  from  the  middle  top  of  that  new-made  mountain.  I  confess, 
it  was  an  omission  in  us,  not  to  go  i|p  to  this  mountain,  being  so 
near ;  but  because  it  was  troublesome,  and  not  without  danger,  the 
rest  of  the  company  being  satisfied  with  what  they  had  already  seen, 
would  not  stay  to  see  any  more. 

At  this  our  last  being  in  Catania  we  found  the  people  busy  in 
barricading  the  ends  of  some  streets  and  passages,  where  they 
thought  the  fire  might  break  in ;  and  this  they  did  by  pulling  down 
the  old  houses  thereabout,  and  laying  up  the  loose  stones  in  manner 
of  a  wall,  which  they  said  would  resist  the  fire  as  not  being  mixed 
with  lime ;  though  it  was  tlie  great  weight  and  force  of  that  fiery 
matter  in  pressing  forward,  and  not  its  burning,  tiiat  overthrew  the 
buildings,  as  plainly  appeared  in  the  convent  of  the  Benedictines^ 
and  in  the  town-walls,  where  the  great  deluge  of  fire  did  pour  it* 
self ;  it  not  breaking  uito  the  city,  but  pouring  itself  over  the  walls, 
as  hath  been  said. 

Unto  this  very  time  *tis  said  to  have  run  a  mile  into  the  sea,  and 
as  much  in  front,  though  it  was  much  less  when  we  were  there. 
The  shore  goes  gently  declining,  having  at  the  extremity  of  the 
sciarri  about  five  fathoms,  and  about  half  as  much  they  are  above 
water. 

The  superficies  of  the  water  for  twenty  foot  or  more  of  those  ri- 
vulets of  fire,  was  hotter  than  to  endure  one*s  hand  in  it,  though 
deeper  it  was  more  temperate,  and  those  live  sciarri  still  retained 
their  fire  under  water,  as  we  saw  when  the  surges  of  the  sea  re? 
treated  back  in  their  ordinary  reverberations. 

The  general  face  of  these  sciarri  is  in  some  respect  not  much  un- 
like, from  the  beginning  to  the  end,  to  the  river  of  Thames  in  a  great 
frost,  at  the  top  of  the  ice  above  bridge,  I  mean,  lying  after  such  a 
rugged  manner  in  great  flakes  :  but  its  colour  is  quite  difl^rent,  being 
most  of  a  dark  dusky  blue,  and  some  stones  or  rocks  of  a  vast  big- 
ne88>  close  and  solid. 
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6ut  notwithstandiog  their  ruggedness,  and  store  of  fire  which  we 
fcould  see  glowing  in  the  clefts  and  cavities^  we  made  a  shift 
to  ramble  over  a  good  part  of  them;  as  it  is  said  also  that 
people  would  do  the  same  in  its  greatest  violence  of  burning. 
For  as  those  live  sciarri,  and  those  rivers  of  fire  themselves  were 
8o  tough  and  impenetrable  as  to  bear  any  weight,  so  the  superficies 
of  the  sciarri  might  be  touched  and  handled,  the  fire  being  inward, 
and  not  to  be  discerned  but  near  hand,  especially  in  the  day  time : 
and  it  was  somewhat  a  strange  sight  to  see  so  great  a  river  come  so 
tamely  forward ;  for,  as  it  approached  unto  any  house,  they  not 
only  at  good  leisure  removed  their  goods^  but  the  very  tiles  and 
beams,  and  what  else  was, moveable. 

'Tis  observable  that  none  of  those  that  went  to  see  it,  when 
there  was  little  else  to  be  seen  but  the  cold  sciarri,  but  declared 
to  have  found  it  a  much  other  thing  than  they  imagined,  though 
related  to  them  viva  voce  by  those  who  had  formerly  been  there. 

I  shall  add,  that  the  whole  countiy  from  the  very  walls  of 
Catania  to  twenty  miles  on  thb  side  is  full  of  old  sciarri,  which 
former  eruptions  have  cast  forth,  though  the  people  remember 
none  so  big  as  this  last,  or  that  burst  out  so  low.  This  country 
is  notwithstanding  well  cultivated  and  inhabited ;  for  length  of  time 
hath  either  mollified  much  of  those  old  sciarri,  or  new  mould  or  ashes 
have  overgrown  them,  though  there  still  remains  much  country 
which  it  may  be  will  never  be  made  serviceable. 

•What  is  the  perpendicular  height  of  this  mountain  I  cannot 
learn.  It  cannot  perhaps  be  riglitly  taken,  being  so  subject  to  alter 
itt  height  and  shape.  But  it  is  a  very  goodly  mountain  to  look 
upon,  as  one  passes  by  sea  to  the  eastward,  standing  alone  by  itself, 
rising  from  the  very  shore ;  and  at  shortest  passage  is  reckoned 
twenty  miles  up  to  the  top,  though  from  Catania  it  hath  thirty  miles 
as  before.  [Phii.  Trans.  16^.] 

SECTION  IV. 

Changes,  present  State,  and  picturesque  Scenery  of  Etna. 

Thrbb  hours  before  day,  I,  with  my  companions,  left  the  Grotta 
delle  Capre,  which  had  afforded  us  a  welcome  asylum,  though  our 
bed  was  not  of  the  softest,  as  it  consisted  only  of  a  few  oak  leaves 
fcattered  over  the  floor  of  lava.    I  continued  my  journey  towards 
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the  suminit  of  Etna ;  and  the  clearness  of  the  sky  induced  me  id 
hope  that  it  would  continue  the  same  during  the  approaching  day^ 
that  1  might  enjoy  the  extensive  and  sublime  prospect  from  tlie  top 
of  this  lofty  mountain,  which  is  usually  involved  in  clouds.  I  soob 
left  the  middle  region,  and  entered  the  upper  one,  which  is  entirely 
destitute  of  vegetation,  except  a  few  bushes  very  thinly  scattered  ^ 
The  light  of  several  torches  which  were  carried  before  us  enabled 
me  to  observe  the  nature  of  the  ground  over  which  we  passed,  and 
to  ascertain,  from  such  experiments  as  I  was  able  to  make,  that  our 
road  lay  over  lavas  either  perfectly  the  same  with,  or  analogous  tO| 
those  in  which  the  Grotta  delle  Capre  is  hollowed. 

We  had  arrived  at  within  about  four  miles  of  the  borders  of  the 
great  crater,  when  the  dawn  of  day  began  to  disperse  the  darkness 
of  night.  Faint  gleams  of  a  whitish  light  were  succeeded  by  the 
ruddy  hues  of  Aurora ;  and  soon  after  the  sun  rose  above  the  hori* 
zon,  turbid  at  first  and  dimmed  by  mists,  but  his  rays  insensibly 
became  more  clear  and  resplendent.  These  gradations  of  the 
rising  day  are  no  where  to  be  viewed  with  such  precision  and  delight, 
as  from  the  lof^y  height  we  had  reached,  which  was  not  far  from  the 
most  elevated  point  of  Etna.  Here,  likewise,  I  began  to  perceive 
the  effects  of  the  eruption  of  Etna  which  took  place  in  July  1787, 
and  which  has  been  so  accurately  described  by  the  Chevalier 
Gioeni^.  These  were  visible  in  a  coating  of  black  scorise,  at  first 
thin,  but  which  became  gradually  thicker  as  1  approached  the  sum- 
mit of  the  mountain,  till  it  composed  a  stratum  of  several  palm^  ui 
thickness.  Over  these  scoriae  I  was  obliged  to  proceed,  net  without 
considerable  difficulty  and  fatigue,  as  my  leg  at  every  step  sank  deq» 
into  it.  The  figure  of  these  scorias,  the  smallest  of  which  are  about 
a  line  or  somewhat  less  in  diameter,  is  very  irregular.  Externally 
they  have  the  appearance  of  scoriae  of  iron ;  and,  when  broken,  are 
found  full  of  small  cavities,  which  are  almost  all  spherical,  or  nearly 
of  that  figure.  They  are,  therefore,  light  and  friable ;  two  qualities 
which  are  almost  always  inseparable  from  scoriae.  This  great  nuiii« 
ber  of  cavities  is  an  evident  proof  of  the  quantity  and  vigorous  action 
of  the  elastic  fluids,  which  in  thb  eruption,  imprisoned  in  the  liquid 


'  *  His  accoont  of  this  eraption  was  printed  at  Catania  in  1787.  Thci^ 
it  likewise  a  French  traoslittioQ  at  the  end  of  the  Catalogue  RaUonni  of 
M*  DolomieiL 
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ih2Ltter  within  the  crater,  dilated  it  on  every  side,  seeking  to  extri- 
cate themselves ;  and  forced  it,  in  scoriaceous  particles,  to  various 
heights  and  distances,  according  to  the  respective  weights  of  those 
particles.  The  most  attentive  eye  cannot  discover  in  them  the 
smallest  shoerl;  either  because  these  stones  have  been  perfectly 
fused,  and  with  the  lava  passed  into  one  homogeneous  consistence ; 
or  because  they  never  existed  in  it.  Some  linear  feltspars  are  how- 
ever found,  which  by  then:  splendour,  semi-transparency,  and  soli- 
dity^ shew  that  they  have  suffered  no  injury  from  the  fire.  When 
these  scoriae  are  pulverized,  they  become  extremely  black;  but 
retain  the  dryness  and  scabrous  contexture  which  they  had  when 
entire.  They  abound  in  iron,  and  in  consequence  the  dust  produced 
.  by  pulverizing  them  copiously  adheres  to  the  point  of  a  magnetized 
knife ;  and  a  smaU  piece  of  these  scoriae  will  put  the  magnetic  needle 
in  motion  at  the  distance  of  two  lines. 

In  the  midst  of  this  immense  quantity  of  scoriae,  I,  in  several 
places,  met  with  some  substances  of  a  spherical  figure^  which,  like 
the  lava,  were  at  first  small,  but  increased  in  size  as  I  approached 
the  summit  of  the  mountain.  These  were  originally  particles  of 
lava  ejected  from  the  crater  in  the  eruption  before  mentioned,  which 
assumed  a  spherical  figdre  when  they  were,  congealed  by  the  cold^ 
ness  of  the  air.  On  examining  them.  I  found  them  in  their 
qualities  perfectly  to  resemble  the  scoriae,  and  to  possess  the  same 
magnetism. 

Only  two  miles  and  a  half  remained  of  our  journey,  when  the 
great  laboratory  of  nature,  uiclosed  within  the  abysses  of  Etna,  began 
its  astoubhing  operations.  Two  white  columns  of  smoke  arose  from 
its  summit ;  one,  which  was  the  smallest,  towards  the  north-east 
side  of  the  mountain ;  and  the  other,  towards  the  north-west.  A 
light  wind  blowmg  from  the  east,  they  both  made  a  curve  towards 
the  west,  gradually  dilatuig,  until  they  disappeared  in  the  wide  ex« 
pause  of  aur.  Several  streams  of  smoke,  which  arose  lower  down, 
towards  the  west,  followed  the  two  columns.  These  appearances 
could  not  but  tend  to  inspire  me  with  new  ardour  to  prosecute  my 
journey,  that  I  might  discover  and  admire  the  secrets  of  thb  stu- 
pendous volcano.  The  sun,  likewise,  shining  in  all  hb  splendour, 
seemed  to  promise  that  this  day  should  crown  my  wishes.  But  ex- 
perience taught  me  that  two  miles  and  a  half  I  had  yet  to  go  pre- 
sented many  more  obstacles  than  I  could  have  imaginedy  and  that 
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nothing  but  tbc  rtJiolution  I  had  formed  to  complete  my  design  at 
every  hazard  could  have  enabled  me  to  surmount  them. 

Having  proceeded  about  a  hundred  paces  further,  I  met  with  i 
torrent  of  lava,  which  I  was  obliged  to  cross,  to  arrive  at  the  smoking 
summit.  My  guides  informed  me  that  this  lava  had  issued  from  the 
mountain  in  October  17&7  5  and  as  the  account  of  the  Chevalier 
Gioeni,  which  I  have  above  cited,  only  mentions  the  eruption 
of  the  month  of  July  of  the  same  year^  I  shall  here  give  si 
brief  description  of  it ;  as  it  does  not  seem  hhherto  to  have  bceii 
described. 

This  very  recent  lava  extends  three  miles  in  letigth ;  its  breadth  ii 
various,  in  some  places  being  about  a  qujirter  of  a  mile,  in  others 
one-third,  and  in  others  still  more.  Its  height,  or  rather  depth,  is 
different  in  different  parts;  the  greatest  being,  as  far  as  I  was  abl^ 
to  observe,  about  eighteen  feet,  and  the  least  Six.  Its  course  is 
down  the  west  side  of  the  mountain ;  audi  like  the  other  lava  which 
flowed  in  the  July  of  1787,  it  issued  immediately  from  the  great 
crater  of  Etna.  The  whole  number  of  the  eruptions  of  this  moun* 
tain  of  which  we  have  any  record,  before  and  after  the  Christian  era, 
is  thurty-one ;  and  ten  only,  as  we  are  informed  by  Gioeni,  inclu* 
ding  that  of  which  he  has  given  an  account,  have  issued  imrne* 
diately  from  the  highest  crater.  That  which  I  observed  may  be  the 
eleventh,  unless  it  should  rather  be  considered  as  the  same  with  that 
described  by  the  Sicilian  naturalist ;  since  the  interval  between 
August  and  October  b  a  very  short  intermission  of  rest  for  a  volcano. 
The  cause  of  the  rarity  of  the  eruptions  which  issue  immediately 
from  the  erater,  compared  with  those  which  disgorge  from  the  sides, 
seems  easily  to  be  assigned.  The  centre  of  this  volcano  is  probably 
at  a  great  depth,  and  perhaps  on  a  level  with  the  sea.  It  is  there* 
{;>re  much  more  easy  for  the  matter  liquified  by  the  fire,  put  in 
efiervescence  by  the  elastic  fluids,  and  impelled  on  every  side  from 
the  centre  to  the  circumference,  to  force  its  way  through  one  of  the 
sides  of  the  mountain  where  it  finds  lea^t  resistance,  and  there  form 
a  current,  than  to  be  thrown  up,  notwithstanding  the  resistance  of 
gravity,  from  the  bottom  to  so  great  a  height  as  the  highest  crater  of 
Etna.  It  is  evident,  therefore,  that  the  effervescence  in  the  emp* 
tions  of  the  months  of  July  and  October  1787  was  extremely 
violent  The  torrent  of  the  month  of  October  is  every  where 
covered  with  scoriae,  which  resemble  those  ejected  in  the  month  of 
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July  h  tliiMr  black  colour,  bpt  diflfer  ftQv^  tbep  ip  tbc  greftt  a^c^ 
sion  they  have  to  the  (jiva,  in  their  exterior  Yitrcjo!!*  ^p^^nuce, 
their  s^rf^^ter  weight,  aod  their  hardivess,  whijch  is  so  great  th^t  t|iey 
giv^  ^^rks  witk  steel  ^^Bost  as  plfnitif^Hy  as  fliuts.  These  diffeir- 
miQ^s,  bo^fkrever,  are  lo  be  attributed  ooJy  to  s|ccid^t^l  combinatioi^ 
t^  4be  sA\ne  substance ;  Ibe  constituent  prioc^les  of  tbe  scoriae  of 
ibis  lava  not  being  difSerent  frofn  tbose  of  tb^  detached  scoria 
#iie«rlioued  above*  B^ttb,  iikewi«e>  cont^i  tht  sanie  feltspar 
law^llie* 

This  vfiw  cur-red^t  was,  howev^ r^  extremely  difiicult,  and  even  dan- 
gerpus*  in  the  psissftge.    Jn  $ome  places  tbe  scoriae  prelected  in 
laiiomUDent  luigle^  and  pi^ints^  ^i^t  ip  others  wnk  in  boUows,  or  steep 
46ciiyitie9;    in  9Qm^>  &Pni  their  fragility  s^nd  soioolbness,  they 
jreseBibled  tbin  plat«s  of  ice,  and  in  others  they  presented  verlicai 
and  sbarp  projections*    I|i  addition  to  tbese  diiScultif  s,  my  guides 
ittformed  me  I  should  hav.e  to  p£iss  three  plac^  wfaere  tbe  biva  was 
^UB  red-hot,  though  it  w^  pow  eleven  months  since  it  had  ceased 
lo  flow.    Tbese  obstficies,  however,  could  nc^  oviercooie  my  resolu- 
tion to  awmonnt  tbem,  and  I  then  experienced,  as  I  have  fre- 
<|uently  done  at  other  times^  bow  much  may  be  efected  in  difficul- 
ties and  dangers  like  the^e,  by  mere  physical  courage,  by  the 
(ISJE^iita^ee  of  whicb  we  may  proceed  idong  the  edge  of  a  precipice 
|o  safety ;  while  the  ^venturer  who  suffers  himself  to  be  surprised 
by  a. panic  fear  will  be  induced  cowardly  to  desist  from  the  en^er* 
fi^is^  be  might  huve  completed.    In  several  places,  it  is  true,  tbe 
scorise  broke  under  my  feet ;   and  in  others  I  slipped,  and  had 
fiesirly  fallen  into  cavities  from  which  I  should  have  been  with 
fbCciilty  eiLtrkated.    0.ae  of  the  three  places  pointed  out  by  Ihe 
^ides  bad,  likewise  from  its  extreme  heat,  proved  highly  disagrA* 
able ;   yet,  at  length,  1  sumaunted  all  these  obst^les  and  reached 
the  opposite  side,  not  without  making  several  cursory  observations 
QD  Ifae  places  whence  those  heats  originated.    Two  large  clefts,  or 
iqpertiives,  in  ditfecent  places  appeared  in  the  lava>  which  lltere,  not- 
witfastanding  the  dearoess  of  the  day,  had  an  obscure  redness;  and 
«a  applymg  the  end  of  the  staff  which  I  used  as  a  support  in  this 
difficult  journey,  to  one  of  Ibesr,  it  presently  smoked,  and,  iinme- 
diatefy  after,  took  fire.    It  was  therefore  indul^table,  that  this 
4ieap  4>f  ejected  lav^  fltfll  contained  within  it  Ibe  active  remains  of 
VOL.  I.  2  K  V 
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fire»  which  were  more  manifest  there>  than  in  other  plac«r»  hecmm 
those  matters  were  there  collected  in  greater  quantities. 

I  had  yet  to  encounter  other  obstacles.  I  had  to  pass  that  tract 
which  may  properly  be  called  the  cone  of  £tna,  and  which,  in  a  right 
line,  is  about  a  niile»  or  somewhat  more  ro  length*  This  was  ex- 
tremely steep,  and  not  less  rugged,  from  the  accumulated  scoris 
which  had  been  heaped  upon  it  in  the  last  eruption,  the  pieces  of 
which  were  neither  connected  together,  nor  attached  to  the  ground; 
so  that,  frequently,  when  I  stepped  upon  one  of  them,  before  I 
could  advance  my  other  foot,  it  gave  way,  and,  forcing  other  pieces 
before  it  down  the  steep  dedivity,  carried  me  wkh  it,  compelling  me 
to  make  many  steps  backwards  instead  of  one  forwards.  ToaM 
to  this  incouTenieuce,  the  larger  pieces  of  scoriae  above  that  on  which 
I  had  stepped,  being  deprived  of  the  support  of  those  contignoosto 
them,  came  rolling  down  upon  me,  not  without  danger  of  violentiy 
bruismg  my  feet,  or  breaking  my  legs.  After  several  ineffectual 
attempts  to  proceed,  I  found  the  only  method  to  avoid  this  incoi>- 
venience  and  conthnie  my  journey,  was  to  step  only  on  those  larger 
pieces  of  scoriae  which,  on  account  of  their  weight,  remained  firm: 
but  the  length  of  the  way  was  thus  more  than  doubled,  by  tiie  cir* 
cuitous  windings  it  was  necessary  to  make  to  find  such  pieces  of 
scoriee  as  from  their  large  size  were  capable  c^  afibrding  a  stable 
support*  I  employed  three  hours  in  passing,  or  rather  dragging 
myself  to  the  top  of  the  mountain,  partly  from  bemg  unable 
to  proceed  in  a  right  line,  and  partly  from  the  steepness  of  tile 
declivity,  which  obliged  me  to  climb  with  my  faailds  imd  feet, 
svreating  and  breathless,  and  under  the  necessity  of  stopping  at 
intervals  to  rest,  and  recover  my  strength.  How  macfa  dkl  I  then 
Aivy  the  good  fortune  of  those  who  had  visited  Etna  before  tlie 
eruption  of  1787,  when,  as  my  guides  had  assured  me,  the  jooncj 
was  far  less  difficult  and  laborious ! 

I  was  not  more  than  a  hundred  and  fifty  paces  diatant  from  ^ 
vertex  of  the  cone,  and  already  beheld  close  to  me,  in  all  their  nia« 
jesty,  the  two  columns  of  snioke.  Anxious  to  reach  the  borders  of 
the  stupendous  gulph,  I  summoned  the  little  strength  I  had  reiHUB* 
.  ing,  to  make  a  last  effort,  when  an  unforese^i  obstacle,  for  a 
moment,  cruelly  retarded  the  completion  of  my  aident  wishes. 
The  volcanic  craters,  which  are  stiU  burning  ai^re  or  less,  aic 
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Iteudly  surrounded  with  hbt  sulphureous  acid  streams,  which  issue 
from  their  sides,  and  rise  in  the  air«  From  these  the  summit  of 
Etna  is  not  exempt;  hut  the  largest  of  them  rose  to  the  west,  and 
I  was  on  the  south-east  side.  Here,  likewise,  four  or  five  streams 
of  smoke  arose,  from  a  part  somewhat  lower;  and  through  these  it 
was  necessary  to  pass ;  since  on  one  side  was  a  dreadful  precipice, 
imd  on  the  other  so  steep  a  declivity  that^  I  and  my  companion, 
iix>m  weakness  and  fatigue^  were  unable  to  ascend  it ;  and  it  was 
with  the  utmost  difficulty  that  our  two  guides  made  their  way  up  it, 
notwithstanding  they  were  so  much  accustomed  to  such  laborious 
expeditions.  We  continued  our  journey,  therefore,  through  the 
midst  of  the  vapours ;  but  though  we  ran  as  fast  as  the  ground  and 
our  strength  would  permit,  tiie  sulphureous  steams  with  which  they 
were  loaded  were  extremely  ofFenMve,  and  prejudicial  to  respiration; 
and  afiected  me,  in  particular,  so  much,  that  for  some  moments  I 
was  deprived  of  sense;  and  found,  by  experience,  how  dangerous 
an  undertaking  it  is  to  visit  volcanic  regions  invested  by  such 
vapours. 

Having  passed  thb  place,  and  recovered  by  degrees  my  former 
presence  of  mkid ;  in  less  than  an  hour  I  arrived  at  the  utmost  sum* 
mit  of  Etna,  and  began  to  discover  the  edges  of  the  crater ;  when 
our  guides,  who  had  preceded  me  at  some  distance,  turned  back, 
and,  hastening  towards  me,  exclaimed  in  a  kind  of  transport,  that  I 
never  could  have  arrived  at  a  more  proper  time  to  discover  and 
observe  the  hiternal  part  of  this  stupendous  volcano.  The  reader 
will  easily  conceive,  without  my  attempting  to  describe  it,  how  great 
ft  pleasure  I  Mi  at  finding  my  labours  and  fatigue  at  length  crowned 
with  such  complete  success.  This  pleasure  was  exalted  to  a  kind  of 
nqpture,  when  I  had  completely  reached  the  spot,  and  perceived 
ll»t  I  might,  without  danger,  contemplate  thb  amazing  spectacle* 
I  sat  down  near  the  edge  of  the  crater,  and  remained  there  two 
liours,  to  recc^er  my  strengHi  after  the  fiiligues  I  had  undergone  m 
my  jouniey.  I  viewed  with  astonishment  the  configuration  of  the 
bordcfs>  the  internal  sides,  the  form  of  the  inunense  cavern,  its  bot- 
tom, an  aperture  which  appealed  in  it,  the  mdted  matter  which 
boiled  within,  and  the  smoke  which  ascended  from  it.  The  whole 
c£  this  stupendous  scene  was  distinctly  displayed  before  me ;  and  I 
•ludl  now  {ffocetd  to  give  aome  description  of  it,  though  it  will  oi|ly 
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be  possible  to  present  the  reader  witb  a  very  £peUe  imager  as  ^ 
sight  alooe  can  enable  bim  to  fotm  ideas  at  ail  adequate  to  objecti 
so  grand  and  astonbhing* 

The  upper  edges  of  tbe  crater,  to  jmi^  by  the  eye,  are  about  t 
mile  and  a  half  incirciiit,  and  form  an  oval,  tbe  longest  diameter  of 
which  extends  from  east  to  west.    As  tliey  are  in  several  placet 
broken,  and  crumbled  away  in  iai^e  fn^ments,  tbey  appear  as  it 
were  indented,  and  these  indentations  are  a  kind  of  enormous  stepi^ 
formed  of  projecting  lavas  and  scorie.    The  intenial  sides  of  Ihe 
cavern,  oir  crater>  are  inclined  in  different  angles  in  diffneirt  plaooi. 
To  the  west  their  dedivity  b  slight :  tbey  are  moK  steep  to  tbe 
lorth ;   stffU  more  so  to  the  ea»t ;   and  to  tbe  soutb-east,  on  wbicb 
aide  I  was,  tbey  are  almost  perpeadienlar.    Notwitbstending  tlm 
irregularity,  however,  tbey  form  a  koMl  of  funnel ;  large  at  the  to|i^ 
ami  narrow  at  the  bottom,  as  we  usually  observe  in  other  craterit 
Tbe  sides  appelir  irregularly  ragged,  and  abound  witb  oonftretktas 
of  an  orange  colour,  wbtch,  at  first,  I  took  for  sulpluir ;  but»  after- 
wards, found  to  be  tlie  muriate  of  ammonia ;  having  been  able  to 
gather  some  pieces  of  it  from  tbe  edges  of  tbe  gulpb.     Tbe  bottem 
is  neariy  a  borisontal  plane,  about  two-thirds  of  a  mile  in  oiieaoBh 
ference.    It  appears  strqped  with  yellow,  probabliy  from  tb^  2h<m^ 
mentioned  salt.     In  this  pktn,  from  the  ptece  wbere  I  stood,  a  ckr- 
cular  aperture  was  visftle,  apparent^  about  five  poles  m  diaaeteTi 
from  which  issued  the  larger  column  of  smoke,  which  I  bad  seen 
before  I  arrived  at  the  summit  of  Etna*  I  shall  not  UMntion  sevectl 
streams  of  smoke,  which  arose  like  tlun  clouds  fi^om  the  same  bot- 
tom, and  difierent  places  in  the  sides.  Tbe  principal  ooltnm,  wiiick 
at  its  origin  might  be  about  twenty  feet  in  diametec,  ascended 
rapidly  in  a  perpendkulaflr  direction,  while  it  vras  wishiu  the  eraler; 
but,  when  it  bad  risen  above  tbe  «^es,  inclined  dowards  tbe  ^vestf 
from  the  action  of  a  light  wind ;  atnd,  when  it  had  risen  bightr, 
dilated  into  an  extended  but  thin  vohune.    This  fimoke  was  whiliv 
and,  being  impelled  to  the  side  ^posite  that  «u  which  I  was»  did 
not  prevent  my  seeing  within  tbe  aperture ;  in  wbicb»  I  can  affrai* 
I  verv  distinctly  perceived  a  liquid  %Biled  matter,  which  eontinuali^ 
undulated,  boiled,  and  rose  and  feM,  without  spreadiag  mer  Ae 
bottom.    This  certainly  was  tbe  melted  lava  whiob  had  wnctt  t» 
that  aperture  from  the  botloiaf  lof  the  Etnean  gulpb^ 
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Tfae  £ivcmrable  etrcumstance  of  bavlng  Ibis  9|>€xture  immedialely 
under  my  view  iadueed  me  ta  threw  into  it  soi9»^  largf^  stones,  by 
roUi«g  Ibem  down  the  steep  dedii^ty  beb)w  me.  These  $tone% 
wliieli  were  only  iai^  pieces  ofUva  that  I  had  detacbed  from  tiie 
ed^es  of  the  cfater>  funding  down  the  side»  in  a  few  moments  ieQ 
on  the  bottom^  and  those  which  entered  into  the  aperture^  apd 
atmck  tke  liquid  lava>  produced  9.  soimd  simile  to  that  they  would 
hive  occasioned  had  they  fiilien  into  a  thick  tenacious  paste.  Every 
atone  I  tims  threw  struck  against  and  loosened  others  in  its  passage^ 
which  ieli  with  it»  and  in  like  manner  struck  and  detached  others 
in  their  way,  whence  tfae  sounds  pracbieed  were  considerably  multi- 
plied. The  stones  winch  iell  on  the  bottom  rebounded^  even  whefi 
they  were  very  large^  and  returned  a  sound  diiferi^nt  from  that  I  hav^ 
before  described.  The  bottom  cannot,  therefore,  be  considered  as 
4mly  a  thin  crust ;  since,  were  it  not  thick  and  solid*  it  musit 
liave  been  broken  by  stones  so  heavy  falling  from  so  great  a 
height. 

To  satisfy  one  emotion  of  curiosity,  is  frequently  to  excite  ano- 
ther. I  had,  at  first,  approached  this  volcano  with  a  kiad  of  supers 
«titioos  awe»  The  histories  of  every  age,  the  relations  of  travellers^ 
4he  universal  voice  of  Europe,  had  all  contribute4  to  m^e  thos^ 
who  should  adventure  to  visit  it  with  dread :  bat  as  at  this  time  it 
veened  to  hav€  laid  aside  its  terrors,  and  was*  in  a  state  of  perfect 
4)aimness  and  tranquillity,  I  was  encouraged  to  become  more  fami^ 
iiar,  and  to  endeavour  to  pry  ixAo  more  i^  its  secrets.  I  have 
adready  observed  tliat  the  side  of  the  crater  to  the  west  is  of  a  more 
gentle  declivity  than  the  others;  and  I,  therefore,  conceived  that 
this  might  seri^  me  as  a  laddor  to  descend  to  the  bottom ;  where  ^ 
i  night  have  added  to  the  observations  }  bad  already  made,  other 
'.Botvel  and  important  iacts.  But  the  persons  whom  I  had  brought 
with  me  as  guides  would  not  conaent  that  J  should  eicpose  myself  to 
inch  dan^.  They  cdnid  not,  however,  prevept  me  from  making, 
nt  my  ease,  the  observations  I  have  here  published,  and  walking 
leisurely  d>out  the  summit  of  the  mountain,  notwithstanding  the 
dang^MMis  consequences  with  which  they  threatened  me ;  telling  me 
Ibat^  sbmdd  the  wind  change,  the  column  of  smo)(e  must  be  turned 
towards  us,  and  might  deprive  us  of  Jife  by  its  pestilential  fumes; 
thatt  besides,  we  were  not  certain  that  the  laya  at  the  bottom^  which 
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now  appeared  so  calm  and  ^U,  would  long  retnaia  in  the  same 
state ;  but  that  it  was  possible,  from  eircomstances  difficult  to  fore* 
wee,  that  it  might  be  thrown  up  on  a  sudden,  aud  punish  our  impru* 
dent  curiosity  by  burying  us  beneath  the  fiery  ruin ;  in  support  of 
which  sug^stion  they  produced  several  instances  of  sudden  and 
most  unexpected  eruptions. 

We  have  seen  above,  that  there  were  two  columns  of  smoke 
arising  from  tna*  It  is  to  be  remarked  that,  besides  that  point  of 
Mount  Etna  on  which  1  stood,  there  is  another  to  the  north,  a 
quarter  of  a  mile  higher ;  and  which  renders  the  summit  of  Etna 
properly  bifurcated*  Within  the  first  prominence  is  sunk  the  crater 
I  have  described ;  and  on  the  side  of  the  other  is  the  second,  from 
which  ascends  a  lesser  column  of  smoke.  The  second  crater  b 
smaller  by  about  the  one-half  than  that  I  have  already  described ; 
and  the  one  is  separated  from  the  other  only  by  a  partition  of  scoris 
and  accumulated  lava,  which  lies'  in  the  direction  of  from  east  jo 
west.  I  made  my  observations  on  this  second  crater  from  a  small 
distance;  but  it  was  impossible  to  advance  to  it,  on  account  of  the 
numerous  and  thick  streams  of  uaoke  by  which  it  was  surrounded. 
This,  however,  was  no  great  disapp<Motment,  after  having  seen  and 
exammed  the  principal  crater,  which  is  that  whence  several  currents 
of  lava  had  issued  in  1787*  I  ought,  certainly,  to  consider  myself 
as  extremely  fortunate,  in  being  able  to  gratify  my  curiosity  with  so 
near  and  disthict  a  view  of  the  objects  I  have  described;  as  the 
guides  assured  me^  that,  among  all  the  times  when  they  had  coo- 
dncted  strangers  to  the  summit  of  Etna,  this  was  the  only  one  in 
which  they  had  a  clear  and  undisturbed  view  of  the  internal  parts 
of  that  immense  gulph.  After  my  return  to  Catania,  the  Chevalier 
Gioeni  likewise  declared  to  me  that,  in  all  his  different  excursions  to 
that  mountain,  he  had  never  had  a  good  fortune  similar  to  mine ; 
and  that,  a  month  before  my  arrival,  be  had  made  a  journey  to 
Etna,  with  the  Chevalier  Dan^os,  furnished  with  the.  necessary  in- 
struments to  ascertain  accurately  the  height  of  the  mountain ;  but 
when  they  had  arrived  at  the  foot  of  the  cone,  where  they  had  pro- 
posed to  begin  their  operations,  they  were  obliged  to  return  bade 
from  the  obstacles  they  met  with,  which,  to  say  the  truths  are  com*" 
monly  neither  few  nor  small. 

Etna  rises  to  a  prodigious  height  above  the  level  of  the  sea,  and 
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its  summit  is  usually  covered  with  snows  and  ice,  and  obscured  with 
cloudsy  except  when  the  latter  are  low  and  range  along  the  sides. 
The  winds,  likewise,  frequently  blow  with  such  violence  that  per- 
sons can  scarcely  keep  their  feet,  not  to  mention  the  acute  cold 
which  benumbs  the  limbs.  But  the  most  formidable  impediments 
to  the  progress  of  the  adventurers  who  attempt  this  perilous  journey, 
are  the  streams  of  sulphureous  vapour  which  rise  on  the  sides,  and 
the  thick  clouds  of  sulphureous  smoke  which  burst  forth  from  the 
mouth  of  the  volcano,  even  when  not  in  a  state  of  agitation.  It 
s^ems  9s  if  nature  had  placed  these  noxious  fumes  as  a  guar^d  to 
Etna,  and  other  fiery  mountains^  to  prevent  the  approach  of  curio« 
Mty,  and  secure  her  mysterious  and  wondrous  labours  from  disco- 
very. I  should,  however,  justly  incur  the  reproach  of  being  ungrate- 
ful, were  I  not  to  acknowledge  the  generous  partiality  she  appeared 
to  manifest  towards  me.  At  the  time  I  made  my  visit,  the  sky  was 
clear,  the  mountain  free  from  snows,  the  temperature  of  the  atmo- 
^pbere  not  incommodious,  the  thermometer  standing  at  seveu 
degrees  above  the  freezing  point  (forty  eight  degrees  of  Fahrenheit)^ 
and  the  wind  favouring  my  design,  by  driving  the  smoke  of  the 
crater  from  me^  which  otherwise  would  alone  have  been  sufficient 
to  have  frustrated  all  my  attempts.  The  streams  of  smoke  I  met 
with  in  my  way  were,  indeed,  somewhat  troublesome,  but  they 
ipight  have  been  much  more  so;  though^  had  our  guides  con- 
ducted us  by  auother  road,  as^  on  my  return  to  Catania,  I 
found  they  might  have  done,  we  should  haye  es(;aped  this  incon- 
venience. 

It  here  will  not  be  improper  to  compare  these  observations  on  the 
crater  of  l&tna  with  those  of  Baron  Hiedesel,  Sir  William  Hamilton, 
Mr.  Brydone,  and  Count  Borch ;  as  such  a  comparison  will  shew 
tlie  great  changes  which  havfe  taken  place  in  this  volcano,  within  the 
space  of  twenty  years ;  that  is,  from  the  time  when  it  was  visited  by 
Baron  Riedescl,  in  1767,  to  that  of  my  journey,  in  1788.  At  the 
time  >vhen  that  traveller  made  his  observations,  the  crater  was  en- 
larged towards  the  east,  with  an  aperture  which  now  no  longer 
exists.  He  b^  not  given  the  measure  of  its  circuit,  nor  has  he  men- 
tioned the  interior  aspect  of  the  crater ;  probably  because  he  had 
uot  seen  it,  having  beeu^  as  |  imagine,  prevented  by  the  quantity  ot 
smoke  which^  he  tdls  us,  continually  asoended  trom  iU 
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It  is  worthy  of  notice^  however^  that  at  that  tkne  there  was  hot 
at  the  bottom  of  the  crater  the  hard  flat  surface  I  have  descilbed ; 
since  the  stones  thrown  into  it  did  not  return  the  smallest  sound. 
Within  the  gulph  itself,  was  heard  a  noise  similar  to  that  of  the  waves 
of  the  sea  when  agitated  by  a  tempest,  which  noise,  probably 
proceeded  from  the  lava  within  the  bowels  of  the  mountain,  lique- 
fied and  in  motion.  We  may  hence  conceive  how  easily  a  volcano 
may  begin  to  rage  on  a  sudden,  though  before  apparently  in  a  state 
of  complete  tranquillity  ;  for  if  we  suppose  a  superal)undabt  quan- 
tity of  elastic  substances  to  have  been  suddenly  developed  in  the 
liquid  lava  of  Etna,  either  at  the  tiitie  when  Bah)&  Riedesel  visited 
the  crater,  or  when  I  observed  it  in  a  state  of  slight  commoti6tt 
within  the  gulf,  it  must  immediately  have  swelled  in  every  part, 
beatins:  violently  against  the  sides  of  the  caverns  in  which  it  was 
imprisoned,  thundered  among  the  deep  cavities,  and,  bursting  forth 
through  the  sides,  have  poured  out  a  river  of  fire  j  or,  should  its 
violence  have  been  there  resisted,  it  wduld  have  rushed  up  within 
the  crater,  until  it  overflowed  its  brink,  and  deluged  the  sidei  of 
the  mountains  with  its  tornnts. 

Sir  William  Hamilton,  on  the  2()th  of  October  1769,  arrived  at 
the  summit  of  Etna,  with  great  diflaculty^  on  account  of  the  snows 
he  met  with  in  his  way,  the  severity  of  the  atmosphere,  (he  sulphu- 
reous vapours,  and  the  violence  of  the  wind.  He  ^as  unable  to 
view  distinctly  the  lower  parts  of  the  crater,  being  prevented  by  the 
great  quantity  of  smoke  which  issued  from  it;  though,  wheil  this 
smoke  was  sometimes  driven  away  by  the  wind,  he  could  discover 
that  the  crater  was  shaped  like  a  funnel,  diminishing  until  it  ended 
in  a  point ;  and  that  this  funnel  was  incrusted  over  with  salt  and 
sulphur.    The  crater  was  two  miles  and  a  half  in  circumference. 

From  the  time,  therefore,  of  the  journey  of  Baron  Riedesel  to 
that  of  Sir  William  Hamilton,  the  crater  must  have  ulidergone  great 
changes  in  its  structure ;  since,  if  the  stones  that  were  thrown  into  it 
gave  no  indications  to  the  ear  that  they  struck  against  any  solid  body, 
it  is  manifest  that  there  must  h^ve  been  an  abyss  as  welt  as  a  futmel ; 
and  as  the  funnel  terminated  in  a  point,  when  it  was  observed  by  Sir 
William  Hamilton,  it  is  evident  that  the  flat  bottom  I  have  described, 
and  which  was  about  two-thirds  of  a  mile  in  circuit,  did  dot  then 
exist. 
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The  MeitMil  »des  of  the  ^rat«r.  Sir  Williatu  tells  tts,  were  cotefed 
with  a  crust  of  salt  and  sulphur :  but  be  does  uot  spedfj  Ibe  nature 
o€tbe  former;  add  though  the  presence  of  the  latter  is  not  ifD^a- 
bable,  he  might  have  been  led  Into  a  mistake  by  the  yetlow  colour, 
lind  have  taken  the  muriate  of  ammonia  (sal  ammoniac)  for  sulphur, 
as  I  did  belbre  I  had  examined  it.  Sir  William  has  uot  told  us  that 
he  made  aaj  examination  at  all ;  and  it  is  probable  that  he  judged 
only  Irotti  the  af^arance  it  presented  to  his  eye. 

He  observes,  lastly,  that  the  crater  Was  two  miles  and  a  half  fa] 
circumi^rence ;  an  estimate  which  may  be  made  to  agree  with  mme 
hy  n^^ting  the  partition  which  separates  the  greater  crater  frotti 
the  less,  and  considering  them  lH)th  as  one.  The  sum  of  the  two 
circumferences,  according  to  the  estimate  1  have  given,  would  not 
then  greatly  differ  from  the  measure  of  ^ir  William  Hamilton. 
Nt»thing,  likewise^  can  be  mora  probable,  than  that  among  the  vat* 
rious  changes  that  have  happened  to  Etna,  thb  partition,  by  which 
the  great  crater  is  divided  into  two  parts,  has  been  produced. 

Omitting  the  observation  of  Mr.  Brydone,  that  '*  the  tremendoot 
gulf  of  Etna^  so  celebrated  in  all  ages,  has  been  looked  upon  as  the 
terror  both  of  this  and  another  life,  that  inspires  such  awe  and 
horror^  that  it  is  not  surprising  that  it  has  been  considered  as  the 
place  of  the  damned  ;*'  and  reflections  of  a  simitar  kind  which  he 
has  employed ;  and  confining  ourselves  to  what  he  actually  saw  on 
the  29th  of  May  1770^  we  learn  from  him  that  '*  the  crater  was 
then  a  circle  of  about  tliree  miles  and  a  half  in  circumference  1  that 
it  went  shelving  down  on  each  side,  and  formed  a  negular  hoilow» 
like  a  vast  amphitheatre ;  and  that  a  great  mouth  opened  near  the 
centre*. 

From  the  time  of  the  journey  of  Sir  William  Hamilton^  thert^fore, 
to  that  of  the  visit  of  Brydone,  that  is  to  Bay>  within  the  short  space 
of  a  year,  various  changes  had  happened  to  this  volcano,  by  the  en* 
largenient  of  its  crater,  and  a  spacious  aperture  fornled  in  its 
bottom; 

Count  Borch  appears  to  have  wished  to  exceed  the  three  other 
travellers  in  breTity,  relative  to  this  subject:  since  he  only  teUs  us 

■ 
*  Brydone\s  Tour  through  Sicily  and  Malta,  Vol.  I.  p.  195, 196. 
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tiiat  be  arrived  at  the  raomitaio  oo  the  l6th  of  December  1776,  and 
that  the  crater  of  Etna  is  farmed  like  a  fuoneL  lie  adds,  however, 
what  is  worthy  of  ootioe,  that  the  sununit  of  Etna  b  bifurcated,  as  I 
observed  it  to  be :  a  circumstance  not  ooticed  by  others.  Sir  William 
Hamilton  even  affirming  that  the  summit  of  the  mountain  is  single ; 
whence  we  may  conclude  that  one  of  these  summits  has  been  pro- 
duced  since  the  time  of  the  journey  of  Brydone,  in  1770. 

On  comparing  the  above-cited  observations,  made  within  the 
«pace  of  twenty-one  years,  we  may  perceive  how  many  changes  have 
taken  place  in  Etna  during  that  interval;  and  as,  within  that  time, 
the  mountain  has  suffered  only  two  violent  convulsions,  in  the  erup* 
tions  of  178  X  and  J  787,  it  is  evident  that,  even  in  the  state  of  appa* 
lent  inaction,  it  still  internally  exerts  its  force. 

To  these  observations  it  may,  likewise,  not  be  without  utility  to 
add  those  of  M.D*Orville.  He  ascended  Etna  in  1727,  and  re- 
marked two  enters,  one  larger  than  the  other.  The  latter  he  only 
mentions,  but  the  former  he  describes  at  some  length.  Its  circum* 
Terence  was,  perhaps,  somewhat  more  than  four  miles.  From  it 
issued  clouds  of  smoke  and  reddish  flames.  These,  however,  did 
not  prevent  hb  approaching  to  the  edge  of  the  gulf;  though,  to  pre* 
voit  tlie  danger  of  falling  into  it,  he  and  hb  coinpanions  fsistened 
themsdves  to  a  rope  held  by  three  men.  On  looking  mto  the  crater, 
they  were  unable  to  discern  the  bottom,  on  account  of  the  flames 
and  smoke :  they  only  observed  that  a  coniqal  hi)l,  formed  of  lava, 
rose  in  the  middle  of  the  crater,  the  top  of  which  they  estimated  to 
be  sixty  feet  below  them ;  and  they  were  able  to  see,  perhaps,  about 
sixty  feet  lower :  where  they  conjectured  the  circuit  of  this  hill  might 
be  from  six  hundred  to  eight  hundred  feet  *• 

We  have  here  a  remarkable  circumstance  relative  to  Etna,  as  iC 
appeared  in  the  .time  of  M.  D'Orville,  and  not  observed  by  any  one 
of  the  four  travellers  above  cited— I  mean  the  conical  hill  within 
the  crater.  Every  observation,  therefore,  tends  to  confirm  the  incon* 
stancy  of  the  internal  configuration  and  dimensions  of  this  volcano. 
It  is  an  extinguished  forge,  which,  in  proportion  to  the  violence  of 
the  fire,  to  the  nature  of  the  fossil  matters  on  which  it  acts,  and  of 
the  elastic  fluids  which  urge  and  set  it  in  motion,  produces,  destroys, 

«  Jacobi  Pbilippi  D'Orville  Sicula, 
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and  re-produces  various  forms*  The  usual  and  natural  figure  of  the 
summit  of  a  volcanic  mountain  is  that  of  an  inverted  concave  cone 
witliin,  and  one  solid  and  erect  without ;  and  such  a  configuration, 
in  countries  which  are  no  longer  in  a  state  of  conflagration,  is  one  of 
the  most  certain  indications  of  the  existence  of  an  ancient  volcano* 
This  cone,  however,  is  liable  to  very  great  changes;  according  to  the 
greater  or  less  fury  of  the  volcano,  and  the  quantity  and  quality  of 
the  matters  ejected.  Its  internal  part,  from  more  than  one  cause,  is 
exposed  to  continual  violence  and  change.  The  prodigious  cavities 
of  the  mountain  make  it  almost  appear  suspended  in  the  air.  It 
may  easily,  therefore,  give  way,  and  fall  in  5  especially  on  the  violent 
impulse  of  new  matters  which  endeavour  to  force  a  passage  through 
the  li^per  part ;  in  consequence  of  which  the  inverted  cone,  accord- 
ing to  circumstances,  present  the  appearance  of  an  aperture,  or 
whirlpool,  or  a  gulf.  Should  the  liquid  lava  pass  through  the  aper- 
ture, and  continue  there  some  time,  its  superficies,  by  the  contact  of 
the  cold  air,  losing  its  heat  gradually,  would  congeal,  and  form  a 
crust  or  solid  plane ;  and  should  the  fluid  lava  beneath>  afterwards, 
act  forcibly  on  this  crust,  it  might  burst  it,  or  make  a  passage  where 
it  found  least  resistance;  hi  which  case  the  melted  lava  would  occupy 
that  aperture.  Should  then  the  crust,  instead  of  ascending  in  a 
single  body,  be  forced  up  in  small  fragments,  these,  cooled  in  the 
air,  would  fall  down,  in  immense  quantities,  within  the  crater,  and, 
from  the  effect  of  the  laws  of  gravity,  must  accumulate  in  the  figure 
of  a  cone.  These  theoretical  conjectures,  if  they  do  not  perfectly 
explain,  may  at  least  enable  us  to  conceive,  the  nature  of  the  causes 
which  have  produced  the  difierence  of  appearance  observed  at  dif* 
ferent  times  in  the  crater  of  Etna* 

It  is  much  to  be  regretted  that  we  have  no  history  of  Etna ; 
wliich,  did  we  possess  it,  must  greatly  contribute  to  elucidate  the 
theory  of  volcanoes,  and  the  causes  of  the  various  changes  whiclv 
have  taken  place,  at  different  times,  in  the  summit  of  this  mountain. 
That  such  changes  have  happened,  is  evident  from  the  few,  but  va« 
luable,  notices  concerning  Etna,  which  we  find  in  ancient  authors. 
Of  these  I  shall  briefly  state  two  or  three  which  appear  to  be  of 
most  importance. 

I  shall  first  produce  the  authority  of  Strabo,  though  he  was  not 
himself  an  ocular  witness,  but  relied  on  the  information  of  others^ 
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nrho  had  visited  Etna^  and  from  whom  be  received  the  account, 
^  That  the  summit  was  a  level  plain*  of  about  twenty  stadia  in 
eircumference,  surroumled  by  a  brow,  or  ridge,  of  the  height  of  a 
wall ;  ami  in  the  middle  of  the  plain  arose  a  smoky  hiU,  the  smoke 
of  which  ascended  in  a  direct  liiie^  to  the  height  of  two  hondred 
feet.- 

If  we  consider  thb  description  as  accurate,  the  crater  of  £tna  was 
at  that  time  surrounded  by  a  brow  or  ridge,  which  I  should  explain 
as  the  sides  or  edges ;  and,  in  the  lower  part,  was  separated  by  a 
mount  rising  in  the  middle  *.  The  same  geographer  relates  that  two 
men,  having  ventured  to  descend  upon  that  plain,  w^ e  obliged  imi* 
mediately  to  return,  from  the  violence  of  the  heat. 

Solhius  tells  as  that  there  were  two  craters  from  which  the  vapours 
issued  f. 

Cardinal  Bern  bo  likewise  found  two  craters  on  tlie  summiti  the 
one  higher  than  the  other,  and  about  as  far  distant  as  a  stone  might 
be  thrown  from  a  sling.  The  extreme  violence  of  the  wind,  and  the 
exhaling  funles,'  prevented  him  from  approaching  the  upper  crat^» 
The  lower  he  found  to  be  formed  like  an  immense  pit,  and  sur- 
rounded with  a  plain  of  no  great  extent,  which  was  so  hot  that  be 
tould  not  bear  his  hand  on  it.  From  its  mouth,  as  from  a  chimoeyy 
contmually  issued  a  column  of  smoke. 

Of  the  other  crater,  which  he  could  not  observe  famiself,  he  re^ 
ceived  a  description,  at  Catania,  from  a  monk,  who,  he  assures  us, 
was  a  man  deserving  of  credit,  and  well  acquainted  with  such  sub^ 
Jects.  He  inibrmed  him  that  this  crater  was  situated  on  the  highest 
part  of  the  summit  of  Etna  ;  that  it  was  about  three  miles  in  circum- 
ference; formed  like  a  funnel;  and  that  it  had  in  the  middle  a 
spacious  cavity.  He  asserted  that  he  had  made  a  circuit  of  it,  aloiig 
a  kind  of  narrow  ridge ;  that,  from  thue  to  time,  it  tiirew  out  stones 
and  burning  matters,  to  a  considerable  hetgiit,  roaring,  and  shaking 
the  ground ;  but  that,  ra  the  intervals  when  it  was  undisturbed,  be 
had  observed  it  without  danger  or  difficulty. 

•  This  observation  agrees  with  that  of  D^OnrHle  mentioned  absve.  I  Bni, 
likewise,  that  similar  mounts  have  sometimes  been  thrown  np  whfain  tke  ciater 
>of  Vesiiviiu.    De  Bottis  UUrUi  di  varj  incendj  del  Vesuvio. 

f  In  Etnae  vertice  hiatus  dao  sant,  cmteres  nominati»  per  quof  emctatos 
erumpit  vapor.    Cap.  zi  • 
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la  the  time  of  Fazello»  however^  who  visited  Etna  after  Cardinal 
Beiiibo,lhere  were  no  longer  two  craters,  but  only  one ;  the  circunt* 
feneoce  of  which  as  he  informs  us,  was  four  miles.  It  had  the  usual 
Amn  of  the  funnel^  emitted  fire  and  thick  smoke,  but,  at  intervals^ 
was  calm,  and  might  be  approached ;  at  which  times  a  subterraneous 
noise  was  heard,  and  a  sound  like  that  of  the  boiling  of  an  immense 
caldron  on  a  vast  fire.  These  observations  were  made  by  htm  la 
1541,  and  1554;  in  both  which  years  the  crater  appears  to  liave 
been  single  *• 

These  few  citations  appear  to  me  sufficient  to  shew  what  chan^ 
have  taken  place  in  the  summit  of  Etna,  relative  to  the  number,  th^ 
form,  aud  the  size  of  its  craters,  according  to  the  different  effects  of 
its  conflagrations  at  different  times.  But  there  is  likewise  another 
aheration  wiuch  should  not  be  passed  unnoticed,  described  by 
two  writers  who  themselves  observed  it,  Faasello  and  BoreUi;  I 
mean  the  fi»lling-4n  smd  absoiption  of  the  extreme  sununit  of  Etna 
within  its  crater.  The  former  of  the  abovemeotioued  authors  ve*- 
lates  that,  in  his  time,  there  arose,  in  the  mouth  of  the  crater,  a 
little  hill,  solated  on  every  side,  which  formed  the  vertex  of  the 
momitain  $  and  which,  in  a  terrible  eruption,  fell  into,  and  was 
buried  in,  the  gvM,  thus  enlarging  the  crater,  and  diminishing  the 
height  of  the  mountain.  This  hill  itself  had  been  produced  by  a 
fwrmer  eruption  in  I444>*. 

In  like  manner,  BoreUi  informs  us  that,  in  the  conflagration  of 
1669,  the  summit  of  Etna,  which  rose  like  a  tower  to  a  great  height 
above  the  part  which  is  level,  was  swallowed  up  in  the  deep  gulf  t« 

I  have  already  said,  that  when  I  visited  Etna  its  summit  was  dir 
vided  into  two  pointy,  or  little  mountains,  one  of  whick  rose  pt 
quarter  of  a  mile  above  the  other.  I  should  not  be  suiprised  wer^ 
I  to  hear  that,  in  some  new  and  fierce  eruption,  the  highest  of  these 
bad  ^len  in,  and  the  two  craters  become  one  of  much  larger  dimen- 
sions. We  know  that  the  summit  of  Vesuvius  has  sometmies  fallen 
down  in  the  same  manner ;  nor  does  it  appear  difficult  to  assign  the 
cause.  It  seems  to  admit  of  no  doubt  that  the  l^ighest  parts  of  Etna* 
and  other  mo>untains  which  vomit  fire  from  their  summits,  have  thek 
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foundatious  on  the  sides  of  the  crater,  which  extend  to  an  immense 
depth.  In  any  violent  earthquake,  therefore,  or  impetuous  shock  of  the 
lava  endeavouring  to  force  a  passage,  it  may  easily  be  imagined  that 
thos^  foundations  must  be  torn  up  and  broken  away,  and  the  summit 
of  the  volcano  fall  and  be  lost  in  the  gulf. 

These  dilapidations  have  not^  however,  from  time  immemorial, 
produced  any  sensible  diminution  of  the  height  of  the  summit  of 
Etna ;  since  the  losses  occasioned  by  some  eruptions  are  repaired  by 
others  which  follow.  This  may  be  inferred  from  a  phenomenon 
usually  inseparable  frotn  the  summit  of  Etna,  though,  by  a  rare  ac- 
cident, not  observable  at  the  time  of  my  journey ;  I  mean  the  ice 
and  snow  with  which  it  is  covered.  Had  any  considerable  decrease 
of  the  height  of  the  mountain  taken  place,  in  consequence  of  the 
summit  repeatedly  falling  in  in  former  ages,  the  ice  and  snow  would 
not  certainly,  in  a  climate  so  mild,  have  continued  to  envelop  the 
top  of  the  mountain,  as  they  now  do,  even  during  the  greatest  heats 
of  summer.  But  this  continual  residence  of  the  snow  and  ice  on 
Etna  has  been  celebrated  by  all  antiquity ;  for  near  observation  was 
not  necessary  to  ascertain  this  phenomenon,  since  it  is  distinctly  ap- 
parent at  the  distance  of  a  hundred  miles.  "  Adscendit  ea  regio  (says 
Fazello,  speaking  of  the  Upper  Region  of  Etna)  passuum  millia  fere 
xii. ;  quas  per  hyemem  tota  nivibus  obsita  extremisque  irigoribus 
riget :  per  aestatem  quoque  nulla  sui  parte  nee  canitie  nee  gelu  caret: 
quod  equidem  admiratione  dignum  est ;  cum  vertex  incendia  prope 
sempitemajugi  flammarum  eructatione  inter  nives  ipsas  pariat,  enu- 
triat,  ac  centinuet." — <'  This  region  extends  nearly  twelve  miles ; 
and,  even  in  summer,  is  almost  perpetually  covered  with  snow,  and 
extremely  cold ;  which  is  the  more  wonderful  as  the  summit  conti* 
nually  produces^  nourishes,  and  pours  forth  flames,  amid  the  ice  and 
snow  with  which  it  is  enveloped.'* 

Solinus  and  Silius  Italicus  give  the  same  description.  The  former 
says—*'  Minim  est  quod  in  ilia  ferventis  naturae  pervicacia  mixtas 
%nibus  (Etna)  nives  profert :  et  licet  vastb  exundet  incendiis,  aprica 
canitie  perpetuo  brumalem  detinet  faciem  •.•'—'«  Etna,  in  a  wonder- 
ful manner,  exhibits  snows  mixed  with  fires;  and  retains  every 
appearance  of  the  severest  winter  amid  her  vast  conflagrations.'* 

«  Cfip.zi. 
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Silius  Italicus  has  the  following  lines: 

Summo  cana  jugo  cohibet  (mirabile  dictu) 
Vicinam  flammis  glaciem,  aeternoqae  rigort 
Anientes  horrent  scopoli ;  stat  Tartice  celsi 
Collis  byems,  calidaqoe  nivem  tegit  atra  favilla  *< 

Where  burning  Etna,  towering,  threats  the  skies, 
'Mid  flames  and  ice  the  lofty  rocks  arise ; 
The  fire  amid  eternal  winter  glows^ 
And  the  warm  ashes  hide  the  hoary  mows. 

And  since  I  have  quoted  one  poet,  I  will  cite  two  others;  Claudian 
and  Pindar ;  as  it  b  sufficiently  evident  that  poetry  here  must  ex- 
press truth  and  not  fiction. 

Sed  quamyis  nimio  fervens  ezuberet  aMto, 
Scit  nivibus  servare  fidem :  pariterque  fimUi? 
Darescit  glacies,  tanti  secura  vaporis, 
Arcano  defensa  gelu,  fumoque  fideli 
Lambit  contiguas  innoxia  flamma  pruinas  f  • 

Amid  the  fires  accomolates  the  snow, 
And  frost  remains  where  burning  ashes  glow ; 
O'er  ice  eternal  sweep  th'  inactive  flames. 
And  winter,  spite  of  fire,  the  region  claims. 

Thus  the  Latin  poet;  but  the  Greek  has  given  us  a  picture  of 
Etna  much  more  h^hly  coloured,  representing  it  not  only  as  fbe 
eternal  abode  of  snows,  but  as  the  column  of  heaven,  to  express  its^ 
astonishing  height. 

Xmmc  S^i«c  riBnvm  ]:• 

—Snowy  Etna,  nurse  of  endless  frost. 
The  mighty  prop  of  heaven. 

It  18  to  be  remarked  that  Pindar  lived  five  hundred  years  before 
the  Christian  terau 

I  now  return  from  this  digression,  which,  though  not  indeed  veiy 
shorty  appears  to  me  perfectly  appropriate  to  the  subject;  and  pro- 

*  Lib.  xiv.        f  Claud,  de  Rapt.  Pros.        t  Pind*  Pyth.  Od.  I. 
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ceed  to  resume  my  narrative.  I  shall  £rit  speak  briefly  of  a  pheno* 
menon  relative  to  t!ie  sntoke  which  arises  from  the  crater  of  Etna, 
and  which  was  seen  differently  by  Mr.  BrydoQe^  Count  Borch,  and 
myself.  Mr.  Brydoue  tells  us  that,  «'  firow  nuany  places  of  the  crater 
issue  volumes^  of  sulphureous  suioke,  which  being  much  heavier  than 
tlie  circumambient  air,  instead  of  rising  in  it,  as  smoke  generally 
does,  immediately  on  its  getting  out  of  the  crater,  rolls  down  the 
side  of  the  mountain,  like  a  torreut,  till  coming  to  that  part  of  the 
atmosphere  of  the  same  specific  gravity  witli  itself,  it  slioots  off  ho- 
rizontally, and  forms  a  large  track  in  the  air  according  to  the  direc* 
tion  of  the  wind." 

On  the  contrary,  the  smoke  when  seen  by  Count  Borcb,  at  the 
intervals  when  the  air  was  calm,  arose  perpendicularly  to  a  great 
height,  and  afterwasd«  fell»  tike  white  ifieeces,  on  the  top  of  the 
mountain.  I  shilll  not  presume  lo  doubt  tliese  two  facts,  though  I 
obseVved  neither  of  them.  The  two  columns  of  smoke  which  I  saw, 
though  bent  somewhat  from  the  perpendicular  by  the  ^ind,  ascended 
with  the  usual  promptitude  of  ordinary  smoke  (a  certain  proof  that 
it  was  considerably  ligb4er  than  the  ambient  air),  and,  when  at  a 
great  height,  became  extremely  rarefied  and  dispersed.  This  differ' 
ence  in  the  ap|3earance  of  the  smokea  as  observed  by  the  two  authors 
before  mentioned  and  myself,  may  arise  not  only  from  the  gravity 
of  the  iiir  on  Etna  being  difierent  at  different  limes,  but  also  from  the 
diversity  of  the  smoke,  which  may  be  sometimes  lighterand  sometimes 
beraer  than  theairihat  surrounds  it;  difi^ng  in  its  nature  aceordiRg 
to  the  quality  of  the  substances  from  which  it  is  producad.-  Suc^  a 
variation  in  its  specific  gravity  must  induce  us. to  conclude  that  the 
bodies  which  burn  within  the  crater  ^e  q)iQciQcal(y  different. 

The  effects  of  the  air  at  the  siunmii  c^  EtUA*  Ms  experienced  by 
myself  and  some  of  the  travellers  I  have  before  cited,  were  likewise 
different  Sir  William  Hamilton  tells  u.s  that  the  thinner  of  that  fluid 
occasioned  a  difficulty  of  respiration ;  and  Count  Borch  appears  to 
Jiave esperieiiced  a  still  greater  incomreoiende.of  tliat  kia<l,;amce  he 
says — "  The  rarity  of  the  air  on  this  mountain  is  extremely  4eusiUe» 
imd  almost  renders  that  !fluid  unfit  fojr  respiration.":  Ou  ithe  con- 
4cary,  Baron  Riedesel  felt  no  such  e^ect,  a^  far  at  least  ^  we -can 
judge -from  his  own  words.  **  I  did  not  perceive,  as  several  tra- 
vellfirs  have  asserkd/  that  the  air  here  is  so  thin  and  rarefied  as  to 
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Jireventy  or  or  at  least  great^y  iacoiiiinodey  respiration.*^  Mr.  Bry. 
done  has  said  nothing  on  the  subject^  and  iiis  silence  may  iudace  us 
to  conclude  that  he  experienced  no  difiiculty. 

I,  my  servant,  and  two  guides,  suffered  no  inconvenience  from 
the  air.  The  exertions  we  had  made,  indeed,  in  climbing  up  the 
craggy  steep  declivities  which  surround  the  crater,  had  produced  a 
shortness  of  breathing ;  but  when  we  had  reached  the  summit^  and 
recovered  from  our  weariness  by  rest,  we  felt  no  kmd  of  inconveni- 
ence, either  while  sitting,  or  when,  incited  by  curiosity,  we  went  round 
and  examined  difierent  parts  of  the  edges  of  the  crater.  The  same  is 
affirmed  by  Borelli :  ^*  Mqvih  bene  respiratio  in  cacumine^tnse  absoU 
vitur,  ac  in  locis  subjectis  campestribus." — "  Respiration  is  performed 
with  the  same  ease  on  the  top  of  Etna,  as  in  the  country  below.'' 

Several  writers  have  treated  of  the  difficulty  of  respiration  expe- 
rienced by  those  who  travel  over  high  mountains,  and  other  incon* 
veniencies  ta  which  they  are  exposed ;  but  none,  in  my  opinion^ 
more  judiciously  than  IVf .  Saussure,  in  his  Travels  among  the  Alps. 
The  observations  he  has  made  appear  to  me  to  explain  the  cause  of 
theto  different  accounts  relative  to  the  effect  of  the  air  on  the  top  of 
Btna.    When  the  height  above  the  level  of  the  sea  was  24^0  poles, 
or  nearly  such,  which  he  found  to  be  that  of  Mount  Blanc,  every 
individual  felt  more  or  less  inconvenience  from  the  rarefaction  of 
the  air,  as  happened- to  himself  and  nineteen  persons  who  accom- 
panied him,  when,  in  August  1787,  he  ascended  that  mountain* 
But  when  the  elevation  was  much  less,  as  for  example  }goo  poles, 
some  of  these  persons  felt  no  difficulty,  among  whom  was  this  na« 
turalist;  though  he  confesses  that  he  began  to  experience  inconve- 
nience as  be  ascended  higher.    We  have  not  indeed  any  certain 
observations  relative  to  the  exact  height  of  Etna,  as  is  sufficiently 
proved  by  the  diffierent  estunates  given  by  different  natursdists. 
S^or  Dai^ois,  however,  astronomer  at  Malta,  in  the  year  1787# 
measured  the  height  of  this  mountain  by  a  geometrical  method,  and 
the  public  anxiously  expects  the  results,  which  will  satisfactorily 
solve  this  important  problem.    In  the  mean  time,  from  comparing 
the  measures  hitherto  assigned^  the  elevation  of  Etna  above  the 
kvel  of  the  sea  is  probably  somewhat  less  than  19OO  poles.    Hence 
we  understand  why  respiration  in  many  persons  is  not  incommoded, 
while  the  contrary  happens  to  others,  accordmg  to  the  different 
stftngth  and  habit  of  body  of  different  individuab. 
TOL.  I.  2  E 
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After  having  for  two  hours  indulged  my  eyes  with  a  vteW^  of  tta 
hiterior  of  the  crater^  that  is»  in  the  contemplation  of  a  spectacle 
which,  in  its  kind,  and  in  the  present  age,  is  without  a  parallel  in  the 
world  ;  I  turned  them  to  another  scene,  which  is  likewise  unequalled 
for  the  multiplicity,  the  beauty  and  the  variety  of  objects  it  pre- 
sents. In  fact,  there  is  perhaps  no  elevated  region  on  the  whole 
globe  which  offers,  at  one  view,  so  ample  an  extent  of  sea  and 
land  as  the  summit  of  Etna.  The  first  of  the  sublime  objects  which 
it  presents  is  the  immense  mass  of  its  own  colossal  body.  When  in 
the  country  below  it,  near  Catania,  we  raise  our  eyes  to  this  sove- 
reign of  the  mountains,  we  certainly  survey  it  with  admiration,  as  it 
rises  majestically,  and  lifts  its  lofty  head  above  the  clouds;  and  with 
a  kind  of  geometric  glance  we  estimate  its  height  from  the  base  to 
the  summit ;  but  we  only  see  it  in  profile.  Very  different  is  the 
appearance  it  presents^  viewed  from  its  towering  top,  when  the 
whole  of  its  enormous  bulk  is  subjected  to  the  eye.  The  first 
part,  and  that  nearest  the  observer,  is^  the  Upper  Region,  which, 
from  the  quantity  of  snows  and  ice  beneath  which  it  is  buried  during 
the  greater  part  of  the  year^  may  be  called  the  frigid  zone,  but 
which,  at  that  time,  was  divested  of  this  covering,  and  only  exhi- 
bited rough  aud  craggy  cliffs,  here  piled  on  each  other,  and  there 
separate  and  rising  perpendicularly ;  fearful  to  view  and  impossible 
to  ascend.  Towards  the  middle  of  this  zone,  an  assemblage  of 
fugitive  clouds,  irradiated  by  the  sun,  and  all  in  motion,  increased 
the  wild  variety  of  the  scene.  Lower  down,  appeared  the  Mkidle 
Region,  which  from  the  mildness  of  its  climate,  may  merit  the  name 
of  the  temperate  zone*  Its  numerous  woods,  interrupted  in  various 
places,  seem,  like  a  torn  garment,  to  discover  the  nudity  of  the 
mountain.  Here  arise  a  multitude  of  other  mountains,  which  in  any 
other  situation  would  appear  of  gigantic  size,  but  are  but  pigmies 
compared  to  Etna.  These  have  all  originated  from  fieiy  eruptions. 
Lastly,  the  eye  contemplates,  with  admiration,  the  Lower  RegKHi, 
which,  from  its  violent  heat,  may  claim  the  appellation  of  the  torrk} 
zone;  the  most  extensive  of  the  three,  adorned  with  elegant  villas 
and  castles,  verdant  hills,  and  flowery  fields,  and  terminated  by  the 
extensive  coast,  where,  to  the  south,  stands  the  beautiful  city  of 
Catania,  to  which  the  waves  of  the  neighbouring  sea  serve  as  a 
mirror. 

But  not  only  do  we  discover^  from  this  astonishing  elevatioD,  the 
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^entire  massy  body  of  Mount  Etna  5  but  the  whole  of  the  island  of 
Sicily,  with  all  its  noble  cities,  lofty  hills,  extensive  plains,  and 
meandering  rivers.  In  the  indistinct  distance  we  perceive  Malta  ; 
but  have  a  clear  view  of  the  environs  of  Messina,  and  the  greater 
part  of  Calabria  $  while  Lipari,  the  fuming  Vulcano,  the  blazing 
Stromboli,  and  the  other  Eolian  isles,  appear  immediately  under 
our-feet,  and  seem  as  if,  on  stooping  down,  we  might  touch  them 
with  tlie  finger. 

Another  object  no  less  superb  and  majestic,  was  the  far- stretching 
surface  of  the  subjacent  sea  which  surrounded  me,  and  led  my  eye 
to  an  immense  distance,  till  it  seemed  gradually  to  mingle  with  the 
heavens. 

Seated  in  the  midst  of  this  theatre  of  the  wonders  of  nature^  I 
felt  an  indescribable  pleasure  from  the  multiplicity  and  beauty  of  the 
objects  I  surveyed,  and  a  kind  of  internal  satisfaction  and  exultation 
of  heart.  The  sun  was  advancing  to  the  meridian,  unobscured  by 
the  smallest  cloud,  and  Reaumur's  thermometer  stood  in  the  tenth 
degree  from  the  freezing  point.  1  was  therefore  in  that  tempera- 
ture which  is  most  friendly  to  man  ;  and  the  refined  air  I  breathed, 
as  if  it  had  been  entirely  vital,  communicated  a  vigour  and  agility 
to  my  limbs,  and  an  activity  and  life  to  my  ideas>  which  appeared  to 
be  of  a  celestial  nature. 

[^SpalanxanVs  Travels.] 


CHAP.  XL 

VOLCAliOES  OF  THE  LIPARI  ISLANDS. 

J.  o  the  northward  of  Sicily  lies  a  cluster  of  small  islands,  almost  all 
of  which  contain  volcanoes,  that  of  Stromboli  being  the  chief.  The 
crater  of  this  last  is  peculiarly  characterised  by  its  frequent  momen- 
tary eruptions  of  stones^  which,  in  consequence  of  its  being  confined 
on  the  side  of  a  hill,  are  thrown  back  by  a  recoil,  and  relapsing  into 
the  volcano  supply  it  afresh  with  endless  materials.  The  island  of 
this  group^  which  is  named  Vulcano,  has  a  larger  crater,  but  its 
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materials  seem  exhausted.  The  isle  of  Lipari,  contaiDing  the  town  of 
the  same  name,  presents  vast  rocks  of  volcanic  glass ;  and  it  is  from 
the  bill  called  Campo  Bianco,  three  miles  from  the  town  of  Upaif,  that 
Europe  is  chiefly  supplied  with  pumice-stones  for  different  purposes. 
Felicuda  and  Alicuda,  the  two  extreme  Uparian  islands  towards  the 
west,  display  equal  proofs  of  their  having  formerly  contained  vol- 
canoes ',  and  modem  authors  have  discovered  similar  traces  in  the 
isle  of  Ischia,  and  in  those  of  Penza  to  the  north  of  the  gulph  of 
Naples ;  while  that  of  Capri,  to  the  south  of  the  Neapolitan  gulpb, 
is  supposed  to  be  chiefly  calcareous. 

The  best  account  we  have  received  of  the  volcanic  phenomenon 
of  Stromboli  is  that  of  Spalanzanf,  from  whom  we  shall  take  leave 
to  present  our  readers  with  the  few  following  detached  extracts. 

1  SHALL  now  proceed  to  relate  what  I  observed  relative  to  the  vol- 
cano on  the  night  of  the  1st  of  October.  My  residence  was  in  a 
cottage,  on  the  north  side  of  the  island,  about  half  a  mile  frOm  the 
sea,  and  two  miles  from  the  volcano  ;  but  so  situated  that  the  cloud 
of  smoke  round  the  mountain  scarcely  permitted  me  to  see  the  top 
of  the  fiery  ejections.  I  employed  more  hours  of  the  nigfat  in 
making  my  observations^  than  I  permitted  myself  for  repose ;  and 
the  following  is  a  brief  summary  of  the  principal  appetUrances  I 
noticed. 

The  south-east  wind  blew  strong.  The  sky,  which  was  clear,  the 
moon  not  shining,  exhibited  the  appearance  of  a  beautiful  aurora 
borealis  over  that  part  of  the  mountain  where  the  volcano  is  situated, 
aid  which,  from  time  to  time,  became  more  red  and  brilliant,  when 
the  ignited  stones  were  thrown  to  a  greater  height  from  tiie  top  of 
the  mountain.  The  fiery  showers  were  then  more  copious^  and  the 
explosions  which  followed  them  louder,  the  strongest  resemUing 
those  of  a  large  mine  which  does  not  succeed  properly,  from  some 
cleft  or  vent.  Every  explosion,  however^  slightly  shook  the  house 
in  which  I  was,  and  the  degree  of  the  shock  was  proportionate  to 
the  loudness  of  the  sound.  I  do  not  believe  that  these  shocks  were 
of  the  nature  of  the  earthquake ;  they  were  certainly  to  lie  ascribed 
to  the  sudden  action  of  the  fiery  ejections  on  the  air^  which  stmck 
the  small  house  in  which  I  was,  in  the  same  mamier  as  the  discharge 
of  a  cannon  will  shake  the  windows  of  the  nei^bouring  houses, 
and  sometimes  the  houses  themselves.    A  proof  of  this  is,  that  the 
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fiery  showers  always  were  seen  a  few  seconds  before  the  shock  was 
fek,  whereas  the  house  was  so  near  the  volcano,  that,  had  it  been  a 
real  earthquake,  no  interval  of  time  would  have  been  perceptible. 

Before  the  inoming  rose,  the  fiary  light  over  the  volcano  increas- 
ed  so  much,  at  three  different  times,  that  it  illuminated  the  whole 
island,  and  a  part  of  the  sea.  This  light  was  each  time  but  of 
short  duration,  and  the  showers  of  ignited  stones  were,  while  it 
lasted,  ipore  copious  than  before. 

On  the  morning  of  the  2d  of  the  same  month,  the  south-east 
wind  blew  stronger  than  ever,  and  the  sea  was  greatly  agitated. 
The  smoke  of  Stroniboli  formed  a  kind  of  cap  round  the  top  of  the 
mountain^  which  descended  much  lower  than  on  the  preceding  day. 
The  phaenomena  were  the  same;  but  the  convulsions  of  the  volcano 
were  more  violent.  The  explosions  were  very  frequent,  but  always 
with  a  hoUow  sound ;  and  the  ejected  ashes  reached  the  scattered 
dwellmgs  of  the  people  of  the  island.  In  the  morning,  the  ground 
appeared  very  plentifully  sprinkled  with  these  ashes,  as  they  are 
called  by  the  natives;  but  on  examination,  1  found  tliat  they  were 
not  properly  ashes,  but  very  finely  triturated  scoriae,  consisting  of 
very  small  grains^  of  no  determinate  form,  dry,  and  rough  to  the 
touch,  and  which  crumble  into  powder  under  the  finger.  They 
are  not  fax  from  a  vitreous  nature,  in  colour  between  a  grey  and  a 
red,  semi-transparent,  and  so  light,  that  some  will  float  on  the 
water.  Then-  levity  proceeds  from  the  great  quantity  of  vesicles, 
or  pores,  which  they  contain,  and  which  causes  them,  when  viewed 
with  the  lens,  to  bear  some  resemblance  to  the  sea  production .  of 
unknown  origin  called  savago  (favagginej. 

The  islanders  assured  me  that  these  eruptions  were  very  incon- 
siderable compared  with  others  which  had  formerly  taken  place, 
daring  which  the  ashes  had,  in  a  few  hours,  formed  a  covering  over 
the  ground  and  the  houses  of  several  inches  thick ;  and  the  stones 
thrown  out  were  scattered  over  the  whole  island,  to  the  great  da« 
mage  of  the  vineyards  and  woods  which  were  near  the  volcano*  to 
which  the  flames  communicated"*. 

■J  '      '  •'*'"'        I      I  I    III  I     i|  I  '  I      r 

*  These  showers  of  sand  and  pulverized  scoriaB  seem  to  be  inseparable  from 
volcanic  ernptions,  and  to  be  copious  in  proportion  as  the  latter  are  violent. 
Of  this  wehave  an  example  in  the  eruption  of  Etna  in  1787,  when  the  sand 
was  carried  as  far  as  Malta.  A  prodigious  space  is  well  known  to  have  been  co? 
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As  the  day  advanced,  the  hope  I  bad  entertained  that  I  should 
be  able  immediately  to  visit  the  volcanic  fires  of  Stromboli,  greatly 
diminished ;  since  I  must  have  had  to  pass  a  large  tract  of  the 
mountain  entirely  covered  with  smoke,  which  had  extended  itself 
so  widely  through  the  air,  that  it  darkened  the  whole  island.  1 
deferred,  therefore,  my  intended  journey  till  the  next  day,  should 
that  prove  more  favourable,  and  employed  myself  in  examining  the 
principal  productions  of  the  place. 

Wherever  I  placed  my  foot,  I  found  the  whole  shore,  to  the  east 
and  north-east,  composed  of  a  black  volcanic  sand.  This  sand  is 
an  aggregate  of  fragments  of  shoerls,  as  has  been  remarked  by 
M.  Dolomieu ;  but  when  we  view  it  with  the  lens,  we  discover,  hae* 
sides  the  shoerls,  which  are  entirely  opake,  and  are  attracted  by 
the  magnet,  a  number  of  small  transparent  and  vitreous  bodies,  of 
a  yellowish  green  tincture,  and  which  are  insensible  to  the  magnet. 
I  was  doubtful  whether  these  were  likewise  fragments  of  shoerls, 
but  of  a  diflerent  species,  or  whether  they  were  volcanic  chrysolites ; 
their  extreme  minuteness  not  permitting  me  to  ascertain  tbefr  nature 
by  any  satisfactory  experiment* 

This  sand  extends  into  the  sea,  to  the  distance  of  more  than  a 
mile  from  the  shore;  as  appeared  from  its  adhering  to  the  sunken 
plummet,  when  it  had  been  previously  covered  with  tallow :  pro- 
bably it  reaches  to  a  still  greater  distance. 

The  sea  easily  penetrates  through  tiiis  sand ;  for  if  any  part  of 
the  shore  be  dug  into  a  little  depth,  sea  water  is  found,  but  render^ 
ed  somewhat  more  fresh  by  having  left  a  part  of  its  salts  in  the 
Sand;  as  happens  to  the  same  v\ater  when  it  issues,  drop  by  drop, 
through  a  long  tube  filled  with  saud,  through  which  is  is  filtered. 
The  fishermen  of  Strombeli,  when  they  are  in  want  of  fresh  water^ 
frequently  dig  wells  on  the  shore,  and  drink  the  water  these  afford. 
This  sand,  as  has  been  already  said,  occupies  that  part  of  the 
island  which  fronts  the  east  and  the  north-east,  extendipg  pa  the 
one  side  to  the  sea,  into  which  it  stretches,  and  on  the  other  to  the 
summit  of  the  mountain.  It  owes  its  origin  partly  to  the  immediate 
ejections  of  it  by  the  volcano,  and  partly  to  the  pieces  of  scoria- 
ceous  lava  thrown  out  by  the  same,  which  being,  as  has  been  said^ 

¥ered  by  the  sand  ejected  from  Etna,  in  the  eruption  of  1666|.  There  is 
likewise  no  eruption  of  VesuTius  which  is  Qot  accompanied  by  siiqilar  showers 
of  land  and  ashes* 
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extremely  friable^  and  greatly  abounding  in  sfaoerls,  easily  decotn* 
poBt  and  become  pulverized  i^  this  sandy  matter.  In  fact,  nothing 
is  more  usual  than  to  £nd  in  it  fragments  of  this  scoriaceous  lava, 
of  various  sizes.  This  sand  is  found  principally  near  the  volcano, 
where  both  it,  and  the  scoriaceous  lavas  from  which  it  is  formed, 
fall  in  the  greatest  quantities  *,  but  as,  from  its  fineness,  it  is  easily 
moveable,  it  is  carried  by  the  wind  to  the  vjallies  and  lower  grounds 
quite  to  the  ^ea« 

This,  however,  is  only  the  thin  upper  •coating  x>f  those  parts  of 
Stromboli  which  jt  covers,  as  under  it  lies  the  firm  texture  of  the 
island ;  I  mean  the  £olid  lavas,  which  are  visible  on  several  steep 
descents,  that  have  been  stripped  of  the  sand,  either  by  the  action 
of  the  rain-water,  or  that  of  the  winds. 

On  the  same  day  I  made  the  circuit  of  a  great  part  of  the  base 
of  the  island,  wJiich  b  about  nine  miles  in  circumference,  and  found 
the  same  solid  constructure;  a  small  tract  of  tufa,  on  the  north 
side,  excepted,  which  descends  to  the  sea. 

In  this  excursion,  I  carefully  examined  the  course  and  direction 
of  the  lavas,  and  was  convinced  that  they  all  had  flowed  from  the 
steepest  summit  of  the  mountain,  under  different  angles  of  inclina« 
tion,  passing  one  over  another,  and  thus  forming  a  succession  of 
crusts,  or  strata,  like,  in  some  measure,  the  coatings  of  which  au 
onion  consists.  In  several  places  where  the  lava  has  entered  the 
sea,  these  crusts  may  be  seen  l^ing  one  over  the  other,  some  ofthem 
bri>ken  or  separated  by  the  shock  of  the  waves. 

These  &cts  strongly  induced  me  to  suspect  that  the  crater  of 
Stromboli  had  anciently  been  situated  on  the  summit  of  the  moun^ 
lain,  and  that  the  lavas  which  had  principally  contributed  to  the 
production  of  the  island  had  flowed  from  that  crater^ 

The  following  night  I  returned  to  the  same  place,  persuaded  that 
I  should  see  new  objects  to  excite  my  admiration ;  and  in  fact,  the 
scene  I  beheld,  appeared  to  me  as  delightful  and  astonishing,  as  it 
was  noble  and  majestic.  The  volcano  raged  with  more  violent 
eruptions,  and  rapidly  hurled  to  a  great  height  thousands  of  red  hot 
stones,  forming  diverging  rays  in  the  air.  Those  which  fell  upon 
the  precipice,  and  rolled  down  it,  produced  ^  hail  of  streaming  fire, 
which  illuminated  and  embellished  the  steep  descent,  and  diffused 
itself  around  through  a  considerable  space^ 

9at,  ipdependent.  of  these  ignited  stones,  I  remarked  ^  vivid  light 
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in  the  air,  which  hovered  over  the  volcano^  aiid  was  sot  dimioished 
when  that  was  at  rest.  It  was  not  properly  flasie»  but  real  U^ 
reverberated  by  the  atmosphere,  impregnated  by  extraneous  par- 
ticles, and  especially  by  the  ascending  smoke.  Besides  varying  m 
its  intensity,  it  appeared  constantly  in  motion,  ascended^  descended, 
dilated,  and  contracted,  but  constantly  continued  hxed  to  one  place, 
that  is,  over  the  mouth  of  the  volcano  ;  and  clearly  shewed  that  it 
was  caused  by  the  conflagration  within  the  crater. 

The  detonations,  in  the  greater  eruptions,  resembled  the  distant 
roar  of  thunder;  in  the  more  moderate  Jthe  explosion  of  a  nune; 
and,  in  the  least,  they  were  scarcely  audible.  Every  detonation  was 
some  seconds  later  than  the  ejection.  This,  likewise,  was  observ- 
able by  day. 

I  remained  that  night  two  hours  on  the  water  at  tbb  place,  and 
the  eruptions  were  so  frequent,  and  with  such  short  iatenuissbmi, 
that  they  might  be  said  to  be  continual. 

During  both  these  visits,  thick  showers  of  sand  and  fine  scorise 
fell  into  the  sea,  and  falling  on  my  hat,  which  was  of  oil-cloth,  made 
a  noise  like  a  small  hail. 

The  five  sailors  who  had  the  care  of  the  boat  in  which  I  was,  and 
some  other  natives  of  Stromboli  who  were  with  me,  and  whose  oc- 
cupation frequently  brought  them  to  that  part  of  the  sea,  told  me 
that  the  volcano  might  now  be  considered  as  very  quiet;  assuring 
me,  that,  in  its  greater  fits  of  fury,  red-hot  stones  were  frequently 
thrown  to  the  distance  of  a  mile  from  the  shore,  and  that,  conse- 
quently, at  such  times,  it  was  impossible  to  remain  with  a  boat  so 
near  the  mountain  as  we  then  "Were.  Their  assertioa  appeared  to 
me  sufficiently  proved  by  a  comparison  of  the  size  of  the  fn^meats 
thrown  out  in  the  explosions  I  now  witnessed,  with  that  of  those 
which  had  been  ejected  in  several  former  eniptiontf*  The  first 
(many  of  which  had  been  stopped  at  the  bottom  of  the  precapke 
by  other  pieces  of  lava,  and  were  scoriaceous  lavas,  approaching  to 
a  globose  form)  were  not  more  than  three  feet  in  diamet^;  bat 
many  of  the  fragments  thrown  out  at  other  times^  of  similu-  quality 
to  them,  and  which  lay  in  large  heaps  on  the  shoi«,  weie  some 
four  some  ^ve  feet  in  diameter,  and  others  even  still  larger. 

Travellers  have  generally  asserted  that  the  volcano  of  Stromboli 
has  for  a  long  time  discharged  its  fury  into  the  sea,  without  causing 
either  alarm  or  injury  to  the  inhabitants  of  the  idand.    The  enip- 
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titiis,  however,  ftll  eqindly  on  every  side  around  the  vdcano; 
though  at  this  place  tbey  only  ikll  into  the  sea,  and  in  that  sense 
their  assertion  is  well-founded. 

But  the  people  of  Stromboli,  and  indeed  almost  all  the  inhabit* 
ants  of  the  Eolian  islands,  entertain  an  opinion,  equally  amusing 
and  paradoxical,  by  which  they  explain  why  that  part  of  the  sea 
which  is  contiguous  to  the  precipice  is  never  filled  up,  notwithstand* 
ing  the  immense  quantities  of  stones  which  have  been  continually 
falling  into  it  from  time  immemorial ;  where,  instead  of  a  peninsula 
having  been  formed  by  those  stones,  as  might  naturally  have  been 
expected,  the  sea  is  generally  said  to  have  no  bottom.  To  explain 
this  apparent  paradox,  these  good  folks  affirm,  with  the  most  entire 
conviction  that  what  they  say  is  true,  that  the  stones  of  the  volcano 
which  fall  into  the  sea  are  attracted  again  by  the  mountain  through 
secret  passages ;  so  that  there  is  a  constant  circulation  from  the 
volcano  to  the  .sea,  and  the  sea  to  the  volcano. 

I  did  not  attempt  to  controvert  their  favourite  hypothesis,  which 
would  have  been  to  no  advantage,  and  to  no  avail ;  but  I  caused 
that  part  of  the  sea  to  be  sounded,  and  found  it  a  hundred  and 
twenty-four  feet  deep,  which,  though  that  is  not  a  great  depth  in 
the  Mediterranean,  is  certainly,  in  this  place,  somewhat  surprising ; 
as  it  was  rather  to  be  expected  that  the  continual  dischai^  of 
stones  into  it  shoulJ  have  produced  a  little  hill,  which  would  at  last 
have  emerged  above  the  waves. 

With  respect  to  the  time  when  this  volcano  began  to  exert  its 
activity,  and  to  melt  these  rocks,  we  are  profoundly  ignorant,  thb 
being  an  epocha  anterior  to  all  history.  We  must  be  contented 
with  the  imperfect  accouuts  the  ancients  have  left  us  of  the  con- 
flagrations of  Stromboli,  which  did  not  burst  forth  in  their  time,, 
but  ages  before.  Of  these  accounts  I  shall  proceed  to  give  a  con« 
else  view,  this  being  the  second  enquiry  it  was  proposed  to  make, 
and  it  will  necessarily  be  brief,  as  the  notices  left  us  on  this  suliject 
by  the  ancients  are  extremely  few. 

Eustatius,  Solinus,  and  Pliny,  inform  us  that  the  flames  of  Strom- 
boli are  less  powerful  than  those  of  the  other  islands  of  Lipari,  but 
that  they  exceed  them  in  clearness  and  splendour.  These  writers, 
however,  were  only  the  copiers  of  Strabo,  or  perhaps  some  abridg- 
ment of  him,  in  which  he  is  copied  incorrectly.  We  shall  therefore 
have  recourse  to  that  celebrated  Grecian  geographer  himself;  who. 
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after  hftviog  mendooed  Lipari  and  Vukaao,  aiid  iofbrrocd  us  that 
Stromboli  likewise  biuni8»  telb  uf  that  the  latter  islaody  conparadl 
to  the  others,  is  inienor  to  them  io  the  mlent  emptioii  of  its 
iaiaes,  hot  that  it  exceeds  them  in  their  brightness. 

It  b  evident,  that  by  <'  the  others,**  Strabo  means  VokaDO, 
which  was  the  only  one  of  the  Eolian  isles,  besides  Stromboli^  in  a 
state  of  conflagration  in  his  time*  When  I  compare  Stromboli  with 
Vukauo,  I  perceive  that  even  now  there  is  thb  difference  between  the 
two  blands,  that  the  flames  of  the  former  are  mncli  more  resplendent 
and  lively  than  those  of  the  latter;  but  I  cani)otsay  that  those  of  Strom- 
boli are  less  violent,  as  the  contrary  is  certainly  the  fact.  We  most, 
however,  conclude,  that  in  those  ages  the  eruptions  of  Vulcano  were 
very  strong  and  frequent^  which  agrees  with  the  testimony  of  Dio- 
dorus,  and  that  of  Agathocles  as  cited  by  the  Scholiast  on  Apollo- 
nius ;  the  former  of  whom  asserts,  that  in  his  time  Vulcano  and 
Stromboli  vomited  great  quantities  of  sand  and  buniiog  stones; 
and  the  latter,  that  these  two  islands  threw  out  flre^  both  by  day 
and  night* 

There  is  another  ckcomstance  mentioned  by  the  Sicilian  historian 
which  deserves  notice.  This  is,  that  a  wind  issues  from  both  these 
islands  with  a  great  noise.  This  in  some  measure  agrees  with  the 
jobservatioBs  I  m^de  at  Stromboli,  and  the  attentive  examiner  will 
^d  it  still  more  applicable  to  the  other  island. 

Philip  Cluvenus,  in  his  Sicilia  Antiqua,  speaking  of  Stromboli, 
telh  us  that  its  crater  is  situated  at  the  summit  of  a  mountain^  from 
jwhich  it  pours  forth,  both  by  day  ^nd  by  nighty  with  a  horrible 
noise^  bright  flames  and  great  quantities  of  pumice  *•  In  one  of 
]the  plates  prefixed  to  his  work,  this  island  is  represented  with  the 
jsmoke  rising  from  the  summit  of  the  mountam* 

Nearly  one  hundred  and  seventy-three  years  have  now  elapsed 
since  this  author  travelled  in  Sicily.  Ought  vie  then  to  conclude, 
that,  at  that  time,  the  mouth  of  the  volcano  was  situated  at  the 
summit  of  the  mountain  1  Had  the  learned  antiquary  himself  visited 
the  island,  I  could  not  have  objected  to  his  evidence.  But  he  not 
only  does  not  say  this,  but  the  contrary  may  be  inferred  from  his 
own  words.    Immediately  after  the  passage  I  have  already  cited, 

^  Strongule  hodieque  liqoidiniinam  flammam,  et  pumices  magna  c<^ia,  ex 
irertice,ubi  craterembabet  noctes  atquedieS|  cum  firemitoliorrendoi  enictat. 
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he  adds,  **  sed  perpetui  ejus  ignes  eminus  navigantibus,  nocte  tan- 
tutn,  conspiciuntur.  Fumum  eorum  candidissimum  ex  Italian  pariter 
ac  SiciliaB  littoribus  conspexi.*'  It  is  therefore  evident  that  be  saw 
this  volcano  only  from  a  distance,  and  that,  consequently,  his  asser* 
tion,  that  the  fiery  crater  was  situated  at  the  summit,  is  not  to  be 
depended  on.  What  he  has  said  of  the  pumices  then  thrown  out 
by  it,  he  may  have  taken  on  the  credit  of  some  of  the  natives  who 
gave  him  that  information,  and  wlio  confounded  the  scoriaceous 
lavas  with  pumices )  or  it  may  in  fact  be  true,  since  under  the 
scorias  and  lavas  of  Stromboli,  scattered  pumices  are  found,  as  I 
have  observed  above. 

'  From  the  authorities  above  a<lduced  it  appears,  therefore,  that 
the  most  ancient  accounts  of  the  conOagrations  of  Stromboli,  trans- 
mitted to  us  by  history,  are  prior  to  the  Christian  era  by  about  290 
years,  the  date  of  the  reign  of  Agathocles,  the  celebrated  tyrant  of 
SyracusjC.  This  volcano  burned  likewise  in  the  tunes  of  Augustus 
and  Tiberius,  when  Diodorus  and  Strabo  flourished.  But  after  this 
latter  period,  a  long  series  of  ages  succeeds,  during  which,  from 
want  of  documents,  we  are  ignorant  of  the  state  of  Stromboli ;  and 
it  is  not  until  the  seventeenth  century,  that  we  again  know  with  cer- 
tainty that  it  ejected  fire ;  though  it  is  not  improbable  that  it  conti- 
nued to  burn  likewise  during  the  times  in  which  we  find  no  mention 
of  it  in  history :  on  which  supposition,  its  uninterrupted  conflagra- 
tion, for  so  great  a  length  of  time,  must  indeed  appear  astonishing. 
Yet,  though  it  should  have  cesrsed  for  several  ages,  we  know  from 
various  public  testimonies,  that  its  continued  eruptions  cannot  have 
Ila3ted  less  than  two  hundred  years. 

tiere  our  curiosity  may  naturally  be  excited  by  the  question: 
what  are  the  substances  which,  without  diminution,  have  nourished, 
duriiyg  such  a  number  of  years,  and  still  continue  to  feed,  these  fires  1 
I  do  not  perceive  that  there  is  any  reason  to  suppose  them  different 
from  those  which  furnish  fuel  to  the  intermitting  volcanoes^  except 
that  ttpeir  source  appears  to  be  inexhaustible*  It  is  believed,  with 
much  reason,  that  sulphur  produces  and  continues  volcanoes ;  and 
wherever  these  mountains  bum,  we  have  indisputable  proofs  of  its 
presence.  Still  more  effectually  to  explain  these  conflagrations,  pe- 
troleum has  likewise  been  M\ed  in  aid  ;  and,  in  fact,  it  has  some- 
times been  found  to  bsue  in  the  neighbourhood  of  a  volcano,  of 
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which  Vesuvius  is  an  exampk  *.  The  clouds  of  thkk  black  smoke, 
which  frequently  rise  into  the  air  fron  the  mouths  of  volcanoes,  aiHl 
the  unctuosity  and  sootiness  which  are  said  to  be  found  in  the  receet 
scoriss,  seem  likewise  to  be  evident  indications  of  some  bituminoos 
sublimate. 

That  StromboU  contains  within  its  deep  gulphs  and  recesses  aa 
immense  mine  of  burning  sulphur,  we  can  entertain  little  doubt, 
when  we  consider  the  streams  of  smoke,  of  extraordinary  whiteness 
(a  colour  which  constantly  accompanies  sulphureous  fumes),  that 
rise  on  the  west  side  of  the  island,  and  the  smell  of  sulphur,  not 
only  perceptible  from  them,  but  from  the  large  cloud  of  smoke 
which  overhangs  the  summit  of  the  mountain.    The  small  pieces  of 
that  mineral  produced  near  the  apertures  whence  those  fumes  arise, 
are  likewise  another  proof.    But  of  the  presence  of  petroleum,  and 
its  eflRects,  I  have  never  perceived  the  least  sign.    Besides  that  no 
vein  of  it  is  found  in  the  island,  nor  any  ever  seen  swimming  on  the 
sea  which  surrounds  Stromboli,  as  I  was  assured  by  the  general  tes- 
timony of  the  inhabitants,  the  smell  of  this  bitumen  is  no  where 
sensible,  though  naturally  it  is  very  acute.    I  have  frequently  visited 
the  sources  of  petroleum,  at  Monte  Zibio,  in  the  territory  of  Mo- 
dena,  and  I  could  always  perceive  the  smell  of  their  penetrating 
vapours,  at  the  dbtance  of  several  hundred  paces,  before  I  reached 
them.    I  therefore  conclude,  that  these  vapours  must  have  been 
much  more  sensible  at  Stromboli,  as  they  would  have  been  much 
more  active,  had  petroleum  actually  4>urned  withm  its  gulph.   I  have 
likewise  examined,  with  the  greatest  attention,  the  scoriae  thrown 
out  by  the  volcano,  and  whUe  they  were  very  hot ;  but  I  never  could 
perceive  that  they  emitted,  either  from  their  surface  or  withm  their 
pores  and  cavities,  the  least  smell  of  that  bitummous  substance,  or 
that  they  any  wh^re  exhibited  any  unctuous  humidity.    As  I  knew 
that  the  smoke  which  exhales  from  bummg  petroleum  is  of  a 
|>lackisb  hue,  I  suspected  that  the  thick  and  dark  column  of  smoke, 
which  arose  to  the  east  of  the  volcano,  might  be  a  sign  of  its  pre- 
^nce ;  but,  on  a  nearer  approach,  I  perceived  that  its  darkness  pro. 
feeded  from  aqueous  vapours  which  were  mixed  with  it,  and  which, 

P  Seiao,  btoria  deU'  Inccndio  del  VesuWI,  del  1TS7.    Bottis,  Irtoria  di 
fag  JUiccDiili  iJel  Uo^tfi  Vesuvip.  '  ^ 
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by  my  continuing  a  short  time  in  it,  rendered  my  clothes  damp  and 
wet. 

Shall  we  then  affirm  that  the  fires  of  Stromboli  receive  no  kind  of 
aliment  from  this  bitumen  ?  Notwithstanding  the  observations  I  have 
stated,  I  would  not  venture  confidently  to  deduce  such  a  conclu- 
sion ;  since  it  is  possible  that  the  petroleum  may  bum  imder  the 
mountain,  at  so  great  a  depth  that  its  vapours  may  not  reach  to  the 
top>  but  may  be  dispersed  and  consumed  by  the  fire,  and  the  im- 
mense mass  of  liquefied  matter,  which  probably  extends  from  the 
crater  to  the  lowest  roots  of  the  island. 

But  though  we  should  not  admit  the  existence  of  this  oil  within 
the  deep  recesses  of  the  mountain,  I  do  not  perceive  but  the  sulphur 
alone  may  be  sufficient  for  the  nourishment  of  the  volcano,  when  its 
flame  is  animated  by  oxygenous  gas,  the  presence  of  which,  in  vol- 
canic abysses,  seems  undeniable,  from  the  substances  they  contain 
proper  to  generate  it,  when  acted  on  by  the  fire.  The  long  duratioD 
without  intermission,  therefore,  of  these  conflagrations,  may  be  very 
sufficiently  explained  by  the  immense  quantities  of  sulphur,  or,  to 
speak  more  properly,  sulphures  of  iron  which  we  must  nccessarity 
suppose  contained  in  the  bowels  of  the  mountain ;  a  supposition 
rendered  the  more  probable  by  the  prodigious  subter]:anean  accumu- 
lations of  this  mineral  which  have  been  discovered  in  various  parts 
of  the  globe. 

ISpalanzanu  Dolomieu,  Isles  Ponces.} 
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SECTION  1. 

Introductory  Remarks, 

XcelanD,  perfaapsthe  Ultima  Thuleoi  Virgil,  about  two  hundred 
and  sixty  miles  long,  and  two  hundred  broad,  forming  an  extensive 
portion  of  the  Danish  dominions,  evinces  in  every  quarter  a  volcanic 
origin,  and  abounds  in  volcanoes^  sulphur,  subterraneous  fires^  and 
geysers,  or  eruptive  hot  springs.  Its  highest  mountains,  clothed 
with  perpetual  snows,  are  called  Jokuls,  and  of  these  Snaefell,  in 
the  south-western  part  of  the  island,  is  the  loftiest,  being  calculated 
at  six  thousand  eight  hundred  and  sixty  feet  above  the  level  of  the 
sea.  Its  principal  rivers  lie  towards  the  east,  some  of  which  are 
white  with  lime,  and  others  tainted  with  sulphur.  Its  calcareous 
spar  has  been  celebrated  ever  siuce  the  days  of  Newton  for  its 
double  refraction.  This  remote  and  barren  country  has  b^en  Hot 
unfrequently  subject  to  dreadful  mortalities  from  epidemics :  the 
pestilence  of  this  kind  that  depopulated  the  bland,  in  the  middle 
of  the  fourteenth  century,  was  called  the  Black  Death ;  and  ac« 
cording  to  Cattereau,  a  murrain  in  1784  carried  off  not  less  than 
nineteen  thousand  four  hundred  and  eighty»eight  horses^  six  thou* 
sand  eight  hundred  beeves,  and  twelve  thousand  nine  hundred  and 
forty-seven  sheep.  This  account,  however,  seems  too  highly  charged, 
for  it  exceeds  the  general  average  of  the  cattle  of  the  entire  island. 
Since  it  has  appertained  to  the  Danish  crown,  a  colony  endeavoured 
to  ameliorate  its  wretched  situation  by  migrating  to  Greenland, 
.  about  two  hundred  miles  distant,  and  which  is  now  usually  placed 
in  the  American  quarter  of  the  world;  of  its  success,  however, 
we  know  nothing,  for  the  eastern  coast,  on  which  it  probably 
effected  a  landing,  has  since  been  so  extensively  blocked  up  by  aug- 
menting sheets  of  ice,  that  the  colony  1^  never  since  been  explored* 
— ^Yet  to  this  wretched  verge  of  the  habitable  globe  was  literature 
compelled  to  retire  in  the  eleventh  and  twelfth  centuries:  here 
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)earoing»  driven  at  that  period  from  every  other  part  of  Europe, 
flourished  $  poetry  was  cultivated  ;  and  the  mythology  of  the  north- 
ern nations  was  first  reduced  into  a  systematic  form.  While  feudal 
tyranny,  by  the  btood>shed  and  oppression  to  which  it  every  where 
gave  birth,  retained  the  finest  countries  of  the  civilised  giolie  in  a 
state  of  barbarism  ;  liberty  and  peace^  with  science  and  the  arts  in 
their  train,  took  refuge  in  this  inhospitable  cltme ;  and  found,  on 
the  confines  of  the  polar  circle,  an  asylum  which  the  plains  of  France 
and  Italy  could  not  afford  them ;  a  memorable  example  how  much 
worse  the  sufferings  are  produced  by  art  than  those  produced  by 
nzixkxt.^  Editor. 

SECTION    II. 

Description  of  Hekla% 
By  Sir  George  Steuabt  Mackenzie,  Bart, 

We  now  came  into  the  plain  from  which  Hekla  rises ;  but  we  had 
no  view  of  the  mountain  as  we  approached,  as  it  was  covered  with 
clouds.  We  passed  through  lava  which  had  been  exposed  to  view 
by  the  blowing  of  the  sand  that  covers  so  great  an  extent  of  this 
country.  Storuvellir  is  situate  in  the  midst  of  this  tract ;  and  round 
it  there  is  a  great  deal  of  excellent  grass.  The  provost  had  a  large 
stock  of  old  hay,  which,  without  any  report  in  his  fovour  as  a  good 
rural  econombt,  would  have  been  a  sufficient  proof  of  his  merit. 
He  received  us  with  great  kmdness,  bat  annoyed  us  a  little  by  the 
excess  of  his  attention  or  curiosity.  The  provost  is  reputed  rich ; 
and  it  is  said  that  he  has  made  his  fortune  entirely  by  his  good  ma- 
nagement of  his  farm,  on  which  we  saw  a  considerable  flock  of 
sheep,  and  some  cows.  The  winter  provision  of  stock-fish  kept  in 
the  church,  was  no  advantage  to  its  atmosphere^  which  can  undergo 
little  purification ;  for  the  windows  of  the  churches,  in  general,  did 
not  seem  to  be  made  to  open. 

The  weather  being  still  foggy,  we  could  not  see  Hekla  as  we  ap- 
proached. On  the  1st  August,  we  passed  through  lava  of  the  same 
description  as  that  pervading  every  part  of  this  flat  district  we  had 
travelled  over.  We  crossed  the  river  called  Wester  Rangaa,  the 
water  of  which  is  perfectly  transparent,  and  flows  along  the  foot  of 
Hekla,  on  the  west  side.  The  bed  of  this  river  is  very  remarkable, 
being  formed  of  rugged  masses  of  lava,  which  being  here  and  there 
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ekvated  in  peaks^  cause  great  rapidity  in  the  streadi.  Owing  to  the 
clefts  in  the  lava,  it  is  very  dangerous  to  attempt  crossing  the  mer 
at  this  place  without  a  guide.  The  provost  was  very  ohligiiig>  and 
gave  us  instructions  in  what  manner  to  follow  huii  across ;  and  as 
soon  as  he  saw  us  safe,  he  took  leave  and  returned  to  StoruvelKr. 

On  the  end  of  a  long  ridge,  running  nearly  north  and  south,  close 
to  the  base  of  Hekla,  is  a  snuill  farm,  called  Naifurholt.  Here  we 
halted ;  and  the  grass  havuig  been  recently  mown,  we  found  an  ad- 
mirable station  for  our  tent.  The  cottager,  Jon  Brandtson,  whom 
we  found  to  be  the  most  obliging  and  active  Icelander  we  had  met 
with,  was  not  loug  in  making  his  appearance,  and  ministering  to  our 
wants.  He  told  us  that  he  could  guide  us  to  a  place  where  there 
was  a  great  quantity  of  Iceland  agate,  or  obsidian ;  a  piece  of  infor- 
mation the  most  welcome  we  had  for  a  long  time  received.  That 
substance  was  one  of  the  chief  objects  of  our  miueralogical  re- 
searches ;  and  not  having  before  met  with  it,  we  had  given  up  all 
thoughts  of  seeing  it  in  its  place  ;  when  honest  Brandtson,  observing 
us  employed  with  the  minerals  we  had  already  collected,  brought  a 
mass  of  obsidian  to  us,  and  relieved  us  from  a  most  severe  mortifi- 
cation. He  told  us  that  the  place  where  be  had  seen  great  quanti- 
ties of  that  substance,  was  situate  nearthe  Torfa  Jokul,  and  distant 
a  long  day's  journey  from  Naifurholt  Our  time  was  now  limited  ; 
but  we  had  no  hesitation  iu  making  up  our  minds  to  endiure  consi- 
derable fatigue,  in  order  to  visit  a  spot  so  interesting  to  us ;  and 
even,  in  case  of  need,  to  reKnqubh  the  project  of  ascending  the  far- 
fimied  Hekla;  and,  accordingly,  we  resolved  to  undertake  this  e%* 
pedition  next  day,  as  the  weather  did  not  appear  favourable  f<Nr  the 
ascent  of  the  mountain.  Haying  made  preparations  for  hoth  adven- 
tures, we  went  early  to  bed. 

Fmding,  at  two  o'clock  in  the  mornnig,  that  Hdila  was  entirely 
obscured  by  fog,  we  mounted  odr  horses ;  and  each  taking  a  sptat 
one,  we  departed,  Brandtson  leading  the  way.  In  the  course  of 
our  journey,  as  the  clouds  dispersed,  we  had  difierent  views  of  the 
mountain,  which  is  completely  covered  with  slags.  Few  streams  of 
lava  seem  to  have  taken  their  course  on  the  west  and  north  sides ; 
indeed,  we  saw  distinctly  only  one.  Hekla,  Hke  Snasfell  Jokul, 
terminates  a  lung  group  of  comparatively  low  hills.  Viewed  from 
Ae  westward,  when  Eyafialla^  Tinfialla,'  and  other  Jokuls  beyond 
it  are  in  sight,  the  mountain  makes  no  great  figure ;  but  from  the 
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east  and  south,  it  appears  to  rise  out  of  the  hills  surrounding  it^  and 
is  very  conspicuous* 

Our  road  towards  the  obsidian  lay  between  the  Rangaa  and  the 
Thiorsaa,  the  course  of  which  is  nearly  from  north-east  to  south- 
west.  Tin's  last-mentioned  river  here  rolls  its  large  turbid  streanv 
over  rugged  masses  of  lava  rising  abruptly  from  its  bed  ;  and  in  its 
efforts  to  overcome  the  obstruction  thus  occasioned,  dashes  among 
the  rocks,  forming  impetuous  rapids  and  falls.  Great  quantities  of 
aHui^al  sand  appeared  disposed  in  strata  in  different  parts  of  the 
country  through  which  we  passed  ;  and  in  other  places  there  were 
extensive  accumulations  of  volcanic  sand  composed  of  pumice  and 
cinders* 

Having  recrossed  the  Rangaa,  we  entered  a  wide  plain,  bounded 
by  Hakia  and  the  adjacent  mountains  on  one  side,  and  by  a  lofty, 
precipitous,  and  broken  ridge  on  the  other,  the  surface  being  com«  . 
pletely  covered  with  lava,  sarid,  or  minute  fragments  of  scoriae  and 
pQmice.  The  lava  which  has  flowed  over  the  plain,  the  termination 
of  which  we  could  not  see,  appears  to  have  been  remarkably  rough, 
from  the  numerous  sharp-pointed  masses  rising  out  of  the  loose  sand 
and  slags,  the  accumulation  of  which  has  rendered  it  passable.  We 
travelled  about  fourteen  miles,  judging  of  the  distance  by  the  time 
our  journey  occupied,  and  then  halted  at  the  foot  of  a  large  mass  of 
lava,  and  changed  our  horses ;  stopping  no  longer  than  was  ne- 
cessary for  shifting  our  saddles.  The  subsequent  part  of  our  route  ^ 
though  still  through  an  extremely  desolate  country,  was  rendered 
more  easy  by  the  absence  of  lava,  and  somewhat  less  forbidding 
by  the  ap]f>earancc  of  thinly-scattered  vegetation  on  the  vallies,  and 
on  the  sides  of  some  of  the  hills.  Ere  long  we  found  ourselves  in* 
closed  in  a  hollow  among  the  mountains,  from  which  there  was  no 
a[S]pf^rent  outlet ;  but  following  the  steps  of  our  guide,  we  pursued , 
41  i^inding  course,  passing  through  a  number  of  rivulets  of  very  ^ 
tbfck  muddy  water  which  proceeded  from  under  the  snow  on  the 
mountains*. 

As  we  went  along  we  observed  several  craters  in  low  situation^  ^. 
from  which  flame  and  ejected  matter  had  proceeded  during  the  con*, 
vdlsioiifi  to  which  this  part  of  the  island  has  been  particularly  sub^  . 

.  '        [ .     ^    ,   .    . r-T — --,    . 

*  Extensive  masiesdf  dayare  not  uocommoii  in  volcanic  districts,  ^specially 
wli^re.  there  are  iMt  springs,  or  where  such  have  existed;  and  this  may  account 
for  tbe  pecoUar  colour  of  most  of  the  large  rivers  of  Icelnsd* 
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jected.  After  having  advanced  about  fifteen  miles  faiiher»  and 
traversed  a  part  of  that  immense  waste  which  forms  the  interior  of 
Iceland,  and  is  partially  known  only  to  those  who  go  in  search  of 
strayed  sheep,  we  descended  by  a  dangerous  path  iitto  a  small  val* 
ley»  having  a  small  lake  in  one  corner,  and  the  extremity  opposite  to 
us  bounded  by  a  perpendicular  face  of  rock  resembling  a  stream  of 
lava  in  its  broken  and  rugged  appearance*  While  we  advanced,  the 
sun  suddenly  broke  through  the  clouds,  and  the  brilliant  reflection 
of  his  beams  from  different  parts  of  this  supposed  Iava>  as  if  from  a 
surface  of  glass,  delighted  us  by  an  instantaneous  couYictioD>  that 
we  had  now  attained  one  of  the  principal  objects  connected  with  the 
plan  of  our  expedition  to  Iceland.  We  hastened  to  the  spot,  and 
all  our  wishes  were  fully  accomplished  in  the  examination  of  an  ob* 
ject  which  greatly  exceeded  the  expectations  we  had  formed.  The 
mineralogical  facts  which  here  presented  themselves  to  cor  notke, 
will  be  described  in  a  subsequent  chapter* 

On  ascending  one  of  the  abrupt  pinnacles  which  rose  out  of  .this 
extraordinary  mass  of  rock,  we  beheld  a  region,  the  desolation  of 
which  can  scarcely  be  paralleled.  Fantastic  groups  of  hills,  craters, 
and  lava,  leading  the  eye  to  distant  snow-crowned  Jokuls ;  the  mist 
rising  from  a  waterfall ;  lakes  embosomed  among  bare,  bleak  moun» 
tains;  an  awful  profound  silence;  lowering  clouds;  marks  all 
around  of  the  furious  action  of  the  roost  destructive  of  elements ; 
all  combined  to  impress  the  soul  with  sensatbns  of  dread  aad  won* 
der.  Tbe  longer  we  contemplated  this  scene,  horrible  as  it  was,  the 
more  unable  we  were  to  turn  our  eyes  from  it;  and  a  oontiderable 
time  elapsed,  before  we  could  bring  ourselves  to  attend  to  the 
business  which  tempted  us  to  enter  so  frightful  a  distrkt  of  the 
country.  Our  discovery  of  obsidian  afforded  us  very  great  {Mea- 
sure, which  can  only  be  understood  by  zealous  geologists ;  and  we 
traversed  an  immense  and  rugged  mass  of  that  curious  substance 
with  a  high  degree  of  satisfaction ;  though  various  circumstances 
prevented  our  tracing  it  so  fully  as  we  wished. 

Towards  the  east,  at  the  distance  of  three  or  four  miles^  we  ob* 
served  a  very  large  circular  hollow,  tlie  sides  of  which  were  chidiy 
of  a  bright  red  colour;  from  which  circemstance,  and  its  general 
appearance,  we  concluded  that  it  was  the  crater  of  an  extmct  vol- 
cano* The  waterfidl,  the  noise  of  which  we  distinctly  heard^  tbongk 
at  the  distance  of  several  miles,  was  foimed  by  the  T^maa,  a  kift 
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riVer,  which  takes  its  course  in  this  part  of  the  country,  and  joiot 
IheThiorsaa.  "^  '' 

Btandtson  told  us  that  he  had  never  been  farther  in  this  direc- 
tion;  and  pointed  out  to  us  the  Sprang^  Sands,  a  vast  plain,  con- 
aistingofvolainic  matter,  which  is  stretched  over  a  great  part  of 
those  hihospitable  regions  already  merrtioned.    Numerous  obstacles 
present  themselves  to  any  person  who  may  think  of  entering  this 
dreadfiil  country,  among  which  the  want  of  food  for  horses  Is  the 
F^iicipal.     The  rivers,  lakes,  streams  of  lava,  all  the  horrors  of 
nature  combined,  oppose  every  desire  to  penetrate  into  these  un- 
known districts ;  and  the  superstitious  dread  in  which  they  are  held 
by  the  natives  is  readily  excused,  the  instant  they  are  seen,  even 
from  afer.     We  saw  the  lake  called  Fiske  Vatn,  and  the  summits  of 
several  Jokuls,  in  the  distance,  which  will  be  more  particularly 
noticed  afterwards,  as   we  observed  them  more  distinctly  from 
another  station. 

Before  we  had  satisfied  our  curiosity,  rain  fell  in  torrents,  and 
contmued  to  do  so  for  an  hour  or  two.  We  had  not  proceeded  far 
on  our  return  to  Naifdrholt,  when  it  ceased,  and  was  succeeded  by 
a  very  thick  fog,  through  which  Brandtson  guided  us  safely  ;  and 
wc  reached  our  tents  soon  after  twelve  o'clock  at  night,  having 
been  absent  twenty-two  hours,  during  seventeen  of  which  we  were 
on  horseback. 

After  the  fetigue  we  had  undergone  in  our  excursion  towards  the 
T6ria  Jokul  in  search  of  obsidian,  wc  did  not  expect  to  find  our- 
selves  sufficieirtly  refreshed  to  attempt  ascending  Mount  Hekla  on 
the  followiug  day ;  but,  le  we  had  been  long  in  the  constant  habit 
of  enduring  daily  hardships,  we  rose  at  an  early  hour  on  the  third 
of  Augttst,  quite  alert ;  and,  on  seeing  the  whole  of  the  mountain 
frte  from  clouds,  we  were  soon  ready  to  finish  our  labours,  by  as- 
cendmg  Hekla,  and  attaining  the  summit  of  a  mountain  whose  fame 
hat  spread  to  every  quarter  of  the  world.  At  ten  oVlock,  we  were 
xtady;  and  Brandtson  having  collected  our  horses,  we  mounted 
them,  and  began  our  expeditien  un«kr  circumstances  as  favourable 
zgwe  could  wish.  We  rode  through  sand  and  fava  about  three 
miles,  when  the  surface  became  too  rugged  and  steep  for  horses. 
Our  guide  proposed  leaving'  the  poor  animals  standing  till  we  re- 
lumed ;  but  though  they  would  not  have  stirred  from  the  spot,  we 
jM  Aem  b«ek,  not  cbusiof  that  such  valuable  and  steady  servants 
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should  remain  a  whole  day  without  food.  We  now  proceeded  tf 
considerable  way  along  the  edge  of  a  stream  of  lava,  and  then 
crossed  it  where  it  was  not  very  broad,  and  gained  the  foot  of  the 
south  end  of  the  mountain.  From  this  place  we  saw  several  mounts 
and  hollows  from  which  the  streams  of  Uva  below  aj^ieared  to  have 
flowed.  While  we  had  to  pass  over  rugged  lava,  we  experienced  no 
great  difficulty  in  advancing;  but  when  we  arrived  at  the.  steepest 
part  of  the  mountain,  which  was  covered  with  loose  slags,  we  some- 
times lost  at  one  step,  by  their  yielding,  a  space  that  had  been 
gained  by  several*  In  some  places  we  saw  collections  of  black 
sand,  which,  had  there  been  any  wind,  might  have  proved  extremely 
troublesome*  The  ascent  now  became  very  steep,  but  the  roughnest 
of  the  surface  greatly  assisted  us* 

Before  we  had  reached  the  first  summit,  clouds  surrounded  us, 
and  prevented  our  seeing  farther  than  a  few  yards.  Placing  implicit 
confidence  in  our  guide,  we  proceeded,  and  having  attain^  whatwt 
thought  was  the  nearest  of  the  three  summits,  we  sat  down  to  refresh' 
ourselves,  when  Brandtson  told  us  that  he  had  never  been  higher 
up  the  mountain.  The  clouds  occasionally  dividing,  we  saw  that 
we  had  not  yet  reached  the  southern  summit.  After  having  passed 
a  number  of  fissures,  by  leaping  across  some^  and  stepping  along 
masses  of  slags  that  lay  over  others,  we  at  lasf  got  to  the  tap  of 
the  first  peak.  The  clouds  now  became  so  thick,  that  we  began  to 
despair  of  being  able  to  proceed  any  farther.  Indeed  it  was  dan- 
gerous even  to  move ;  for  the  peak  con^sts  of  a  very  oan:QW  ridge 
of  slags,  not  more  than  two  feet  broad»  having  a  precipice,  on  each 
side  many  hundred  feet  high.  One  of  these  pre<;ipices  forms  the 
side  of  a  vast  hollow  which  seems  to  b^ffe  been  one  of  the  craters. 
At  length  the  sky  cleared  a  little,  and  enabled  us, to  discover  a  ridge 
below,  that  seemed  to  connect  the  pes^  we  weie^on  with  the  middle  • 
one.  We  lost  no  time  in  availing  ourselves  of  this  opportiiqi^y,  and 
by  balancing  ourselves  like  rope-dancers,,  we  succeeded  in  passing 
along  a  ridge  of  slags  so  narrow  that  there  was  hardly  room  for  our 
feet*  After  a  short,  but  very  steep  ascent*  we  gained  tbe,hig^eit 
point  of  this  celebrated  mountain* 

We  now  found  that  our  usual  good  fortune  had.not  yet.  forsaken 
us;  for  we  had  scarcely  begun  to  ascend  the  middle  p^k»  when  the, 
sky  became  clear,  and  we  had  a  full  view  of  the  surrounding  countiy*. 
Towards  the  north  it  is  low,  except  where. a  iokul  heie and  thei9 
towers  into  the  regions  of  perpetual  snow.    Several  large  lakes  ap-^ 
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peartid  in  different  places,  and  among  them  the  Fiske  Vatn  was  the 
most  conspicuous.  In  this  direction  we  saw  nearly  two-thirds 
across  the  island.  The  Blaefell  and  the  Lange  Jokuls,  stretched 
Aemselves  in  the  distance  to  a  great  extent,  presenting  the  appear- 
ance of  enormous  masses  of  snow  heaped  up  on  the  plains.  The 
'Hcaptar  Jok^l,  whence  the  great  eruption  that  took  place  in  the  year 
1783  broke  forth,  bounded  the  view  towards  the  north-east.  It  is 
a  large,  extensive,  and  lofty  mountain,  and  appeared  to  be  covered 
with  snow  to  the  very  base.  On  the  side  next  to  us,  though  at  a 
distance  of  about  forty  miles,  we  plainly  discerned  a  black  conical 
bill,  which  very  probably  may  be  one  of  the  craters  that  were  formed 
during  the  eruption.  The  Torfa,  Tinfialla,  and  Eyafialla  Jokuls^ 
limit  the  view  of  the  eastern  part  of  the  country.  Towards  the 
south,  the  great  plain  we  had  passed  through  seemed  as  if  stretched 
trader  our  feet,  and  was  bounded  by  the  sea.  The  same  valley  was 
terminated  towards  the  west  by  a  range  of  curiously-peaked  moun- 
tains, those  in  the  neighbourhood  of  Thingvalla,  and  to  the  north  and 
west  of  the  Geysers.    - 

The  middle  peak  of  Hekla  forms  one  side  of  a  hollow,  which 
contains  a  large  mass  of  snow  at  the  bottom ;  and  is  evidently  anor 
ther  crater.  The  whole  summit  of  the  mountain  is  a  ridge  of  slags, 
and  the  hollows  on  each  side  appear  to  have  been  so  many  different 
Vents  from  which  the  eruptions  have  from  time  to  time  issued.  We 
saw  no  indications  that  lava  had  flowed  from  the  upper  part  of  the 
mountain;  but  our  examination,  from  the  frequent  recurrence  of 
Ibg,  was  unavoidably  confined. 

After  we  had  satisfied  ourselves  In  surveying  tbe  surrounding 
country,  We  began  to  collect  specimens  of  the  slags,  and  perceived 
some  of  them  to  be  warm.  On  removing  sonae  ironi  the  surface, 
we  found  those  below  were  too  hot  to  be  handled ;  and  on  placing 
a  thermometer  amongst  them,  it  rose  to  144®.  The  vapour  of  water 
ascended  from  several  pints  of  the  peak.  It  had  been  remarked  to 
us  by  many  of  the  inhabitants,  that  there  was  less  snow  on  Hekla  at 
this  titne  than  had  been  observed  for  many  years.  We  supposedj^ 
therefore,  that  the  heat  how  noticed  might  be  the  recommencement 
of  activity  in  theVolcano,  rather  than  the  remaining  effects  of  the 
last  eruption  which  t6ok  place  in  the  year  1^66. 

The  crater,  of  which  the  highest  peak  forms  a  part,  does  uftl 
pinch  etched  a  hundred  fe^t  in  depth.    The  bottom  is  filled  by  a 
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Urge  mass  of  snow,  in  which  various  caverns  had  been  formed  hf 
its  partial  melting*  In  these  the  snow  had  become  solid  and  trans* 
parent,  reflecting  a  bluish  tinge ;  and  their  whole  appearance  was 
extremely  beautiful*  reminding  us  of  the  description  of  magic  palaoct 
in  eastern  tales. 

At  the  foot  of  the  mountain*  the  thermometer  at  half  past  mne 
o'clock  stood  at  5Q\  At  eleven,  it  was  at  S5^,  and  at  four*  ou  the 
top>  at  3^. 

Our  descent  was  greatly  retarded  by  thick  fog ;  and  we  found 
it  much  more  hazardous  than  the  ascent.  We  missed  our  way  an4 
were  under  the  necessity  of  crossing  the  lava  we  had  passed  in  our 
way  np*  at  a  place  where  it  had  spread  to  a  much  greater  breadth, 
and*  from  the  rapidity  of  the  slope  along  which  it  bad  flowed*  had 
become  frightfully  rugged. 

Mount  Hekla  has  acquired  a  degree  of  distinction  among  volca- 
noes* to  wbich  it  does  not  seem  to  be  entitled.  It  is  far  behind  Etna 
and  Vesuvius*  both  in  the  frequency  and  magnitude  of  its  eruptions* 
We  could  not  distinguish  more  than  four  streams  of  lava ;  three  of 
wbich  have  descended  on  the  south  and  one  on  the  north  sidis;  bat 
there  may  be  some  streams  on  the  east  side,  i^hicli  we  did  not  see* 
The  early  eruptions  of  this  mountain  do  not  seem  to  have  been  re* 
gularly  recorded.  Olafson  and  Paulson  |ay*  that  after  careful 
research  they  found  that  the  number  of  eruptions  amounted  to 
twenty  two ;  and  none  are  recorded  as  having  happened  before  the 
year  1004.  There  were  eruptions  in  the  years  1137*  1222*  1300^ 
1341*  1362,  1389*  1538*  1619*  1636,  and  1^.  Flames  appeared 
in  the  neighbourhood  in  1728.  In  1554*  there  were  eruptions  from 
the  mountains  to  the  eastward ;  and  in  1/54,  flames  burst  out  to  the 
westward.  From  the  mountain  itself>  no  eruption  took  pkice  be* 
tween  the  years  1693  and  1766*  an  interval  of  seventy*three  years; 
and  during  this  last  period  of  activity*  no  lava  was  thrown  out 
The  following  year*  flames  broke  out  afresh*  and  the  mountain  was 
not  perfectly  quiet  in  the  year  1768  t  since  that  thne  it  has  re- 
mained mactive.  We  had  no  opportunity  of  measuring  the  height 
of  Mount  Hekla ;  but  we  have  been  informed  by  Sir  J.  Stanley  that 
the  elevation  which  resulted  from  his  observations*  wa^  4,300 
feet*  and  this*  from  diflerent  drcumstances*  we  belie??  to  be 
correct. 

In  the  year  17^5^  a  terrible  eruption  proceeded  from  the  moun^ 
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taki  allied  Kaltlagtau  Jokul,  ^ivhich  13  situate  to  the  eastward  of 
Eyikfialla.  From  the  accomits  of  this  eriiptioD,  it  does  not  appear 
that  aoy  lava  flowed  ;  but  immense  torrents  of  water  carried  de« 
•tmctioii  before  them  through  the  neighbouring  country;  and 
ignited  stones  and  ashes  were  thrown  in  all  directions.  The  eke* 
trical  phsenomeoa  that  accompanied  this  eruption,  seem  to  have  been 
y^ty  tremendous ;  several  people  and  cattle  having  been  killed  bj 
the  lightning*  The  inountain  continued  in  jjl  state  of  violent  acti* 
vity  during  a  whole  month ;  and,  indeed,  it  may  be  said  to  have 
been  so  during  a  whole  year ;  for,  between  Janpary  and  September 
of  tlie^ear  1756,  five  different  eruptions  took  place.  We  heard  a 
report,  that  early  in  the  summer  the  inhajbit^nts  in  the  neighbour- 
bood  had  some  reason  to  apprehend  an  impending  eruptioQ ;  but  we 
could  get  no  distinct  account  of  the  symptoms  that  h^d  been  ob^ 
9erved.  The  earliest  eruption  of  Kattlagiau^  appea^rs  to  have  hap- 
pened about  the  year  SOO ;  and,  since  that  period,  to  the  great  one 
pk  1755,  only  five  have  occurred. 

It  is  mentioned,  in  the  history  of  Iceland  daring  the  eighteenth 
century,  that  ao  eruption  took  place  from  Eyrefa  J«ikul,  in  the  south* 
east  part  of  the  island,  in  the  year  1720;  and  one  from  titejake  of 
Orimsvatn  in  the  year  17i6*. 

in  the  north-east  quarter  of  Iceland,  near  a  large  fake  called 
Myvatn,  is  Mount  Krabia,  which  became  remarkable  by  dreadful 
eruptions  of  lava  that  proceeded  from  it  between  the  years  17^4 
and  1730.  Some  of  the  streams  of  lava  flowed  into  the  lake,  de« 
stroyedthe  fish,  and  almost  dried  it  up.  There  were  eruptions  afso 
from  the  mountains  round  Krabia ;  and  an  extensive  district  of 
inhabited  country  was  laid  waste.  At  a  place  called  ReBriahlid, 
near  Krabia,  sulphur  is  found  in  the  same  circumstances  as  that  at 
Krisuvik,  but  in  larger  quantities.  It  was  from  the  former  place 
that  most  of  the  sulphur  brought  from  Iceland  was  exported. 

In  the  year  1000,  an  eruption  took  place  m  the  Guldbring^  Sysseh 

*  I  am  uncertain  of  the  position  of  this  lake.  There  is  only  one  of  the 
BBme  which  I  could  find  marked  on  the  maps  of  Iceland,  but,  firom  the 
clrcmBstftBce  of  aH  the  most  recent  eruptions  having^  proceeded  from  the 
ioathem  part  of  the  island,  I  suspect  that  there  may  be  a  lake  of  the  sane 
name  somewhere  to  the  eastward  of  Markarlliot ;  and,  since  my  retnrnhone, 
I  have  received  inch  information  as  leads  me  to  believe  niy  .co^iec|i|r^ 
^Ight. 
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Another  broke  out  near  Reikianes  in  the  year  1340;  and  one 
is  said  to  have  been  seen  at  a  great  distance  in  the  sea,  in  the  year 
1583,  similar  to  that  which  was  observed  preceding  the  great 
eruption  of  1783.* 

The  total  number  of  recorded  eruptions  appears  to  be  the  fol- 
lowing : 

From  Hekla,  since  the  year 
From  Kattlagiau  Jokul      •        .        • 
From  Krabla,  •        .        .        - 

In  different  parts  of  the  Guldbriiig^  Syssel 
At  sea,     •        -       -         -        .        - 
From  the  lake  Grimsvatn,  in      •        - 
From  Eyafialla  Jokul  *  in 
From  Eyrefa  Jokul^  in       -        -        • 
From  Skaptar  Jokul,  in      -        -        - 

42 

In  chronological  order,  the  different  eruptions  mentioned  by  Ice- 
landic authors  staud  recorded  thus:  In  the  years  900,  1000,  1104, 
1137>  12^:2  1300,  1340,  1341,  1362,  1389,  1422,  1538  (Vesuvius 
erupted  the  same  vear),  1554  (Etna),  1583,  1619,  1636  (Etna), 
1693  (Vesuvius,  1692;  Etna,  l694),  171^,  1717  (.Vesuvius), 
1720, 1724,  1728,  1730  (Vesuvius),  1754  (Vesuvius),  1755  (lltna), 
1756,  1766  (Etna  and  Vesuvius),  1771,  and  1772,  flames  seen  on 
Hekla;  1783.  Thus  it  appears,  that  many  of  the  eruptions  thaf 
are  known  to  have  taken  place  since  Iceland  was  inhabited,  have 
not  been  particularly  noticed ;  and  it  is  very  probable,  that  nume- 
rous eruptions  of  less  note  have  been  passed  over,  yfe  may  reckon 
active  aU  those  mountains  which  have  burned  within  the  last  cen- 
tury. Of  tl«se  there  are  six ;— Hekla,  Krabla,  Kattlagiau,  Eyafialla, 
Eyrefa,  and  Skaptar,  Jokuls. 

The  most  recent  eruption  that  took  place  in  Iceland  seems  also  to 
have  been  the  most  awful.   It  proceeded  from  the  |ow  country  near 


•  This  mountain  is  often  called  Oster  Jokul  (eastern  Jokul),  in  contradis- 
tinction to  SniefeU  Jokul,  which  is  called  western.  'He  ernp^iin  of  the  easteri| 
JokOl  in  IT17,'and  the  one  from  Grimsvatn,  are  recorded  ?)y  Mrrstcphenson  ia 
Ills  Hist<iry  of  Icelabd  during  the  eightiee pth  century.'  "  , . .    i   -       l 
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tbe.^aptar  Jokal  in  j^e  je^v  17B3.  J^r,  Stephenson  of  Indrefaolm 
was  ordered  by  the  K^ng  of  Denmark  to  proceed  from  Copenhagen^ 
where  be ,  happened  to  be  during  the  eruption,  and  to  visit  the  dis« 
trict,  that  his  Majesty  might  \^e  enabled  tp  alievfate  the  distresses 
occasioned  by  the  eruption*  That  gentleman  has  published  a 
laboured  account  of. the  whole;  but>  although  there  is  no  doubt  of 
the  erqption  having  been  one  of  the  most  terrible  in  the  annals  of 
volcanoes,  he  seems  to  have  depended  too  m^ch  on  reports  and  in« 
formation,  which  appear  to  be  e^JK^ggerated.  He  himself  UM  ns, 
that  the  lava  was  so  hot  at  the  time  he  approached  it,  whieh  w^ 
about  si  year  af^r  the  erpption,ithat  it  could  not  be  examined,  and 
that  it  has  never  been  traced  to  its  source.  Another  account  has 
been  written,  which,  from  what  we  heard  in  Iceland,  is  the  most 
correct.  It  is  to  be  lamented  that  the  present  state  of  the  Icelan<fic 
press,  prevents  its  being  given  to  the  public  *• 
'  'jThe  whole  tract  between  Hekla  and  Krabla  is  a  desert  quite  im* 
passal]»le  and  unknown ;  and  there  is  still  subsisting  a  ridiculous 
potiqn  ^lat  it  is  inhabited  by  a  tribe  of  jobbers.  Did  such  people 
really  exist,  and  did  they  know  the  dread  which  they  inspire,  Ihey 
laaj^  easily  procure  more  comfortable  quarters. 

No  ;&ingle  yolcamc  mountain  which  we  saw,  appeared  to  have 
thrp.^Q  out  much  lava.  Probably  this  has  been  owing  to  the  vast 
nuijpaber  of  apertu]:es  which  have  given  vent  to  the  rage  of  subterra- 
neous  itie^.  |n  ol^er  cQuntrie9,  where  it  has  for  ages  continued  to 
expk^de  fxojxi  oype  or  two  mountain^,  the  lava  is  confined  to  one 
pl^c^  9>q4  k  abnndant. 

There  k  uo  country  in  tlie  known  worki  where  votcanic  eruptions 
l^^ve  \fp^n  sp  numerous  as  in  Iceland,  or  have  been  spread  over  so 
l^i^ge  a  i.ujrii^ce*  No  part  of  the  island  is  wholly  free  from  the  marks 
of  V9lc4mc  agency ;  and  it  may  be  truly  called  the  abode  of  snbter- 
iranepps  he$tt.  Various  volcanic  mountains  and  streams  of  lava,  are 
i^ei^tioned  as  existing  in  the  eastern  and  northern  districts,  by 

■  If       I         I  I     ■        I    I  I  ■ ■   I      I   III  ^      I       I  I    II  I         ■ I  H     H       I        II      ll  II     I  ■    I    11  II 

*  1  Jiave  accideotally  procured  a  map,  which  appears  to  have  belonged  to 
some  description  c^f  this  dreadful  event,  aiyd  by  Tvhich  it  appears,  that  the  lava 
burst  out  af  three  ^iffefen^  ppip^  abtmt  ^i^t  or  nin^  miles  distant  from  ^acb 
other,  and  spread  iq  some  pl^pes  to  ^  breadth  of  thirty  mi|es.  The  extent  from 
north  to  south  as  for  as  the  lava  seepis  to  have  been  observed,  is  upwards  of  forty 
miles,  and  it  is  known  to  have  flowed  much  farther^  though  it  has  not  been 
traced. 
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Eggart  Ok6oa>  in  hk  Emmraikmu  Histmricm  de  NtUura  H  Cons^ 
iutiime  hhmMsr.  In  tke  north  west  quarter^  mtbe  district  of  Isa* 
fiord,  there  is  a  volcanic  uieunlaiR  caUtd  Glama^  which  lie  descrU^s 
as  rivaUing  the  magnitttde  of  the  Snaefell  Jokid.  Thus  it  appears 
that  the  force  of  subterraneous  fire  has  been  exerted  upon  eveij 
part  of  this  extensive  island ;  and  when  we  consider  the  eruptions 
that  have  been  seen  at  a  distance  in  the  sea»  we  are  safe  in  esti^ 
tnatingy  that,  in  this  part  of  the  earth,  one  continued  surface  of  not 
less  tban  sixty  thousand  square  miles  has  been  subjected  to  that  en- 
gine of  destruction. 

[Str  George  M^1ten%id$  Travels  in  the  Island  efUdand^ 

SECTION  iiu 
Sulphur  MaunUu'nSf 

[B^  the  Same.] 
Having  taken  an  early  breakfast,  we  set  out  towards  the  Sulphur 
Mountain,  which  is  about  three  miles  distant  from  Krisuvik.  At 
the  foot  of  the  mountain  was  a  small  bank  composed  chiefly  of  white 
clay  and  some  sulphur,  from  all  parts  of  which  steam  issued.  As« 
ccnding  it,  we  got  upon  a  ridge  immediately  above  a  deep  boUow, 
from  which  a  profusion  of  vapour  arose,  and  heard  a  confused  noise 
of  boiling  and  splashing,  joined  to  the  roaring  of  steam  escaping 
fir^ffl  narrow  crevices  in  the  rock.  This  hollow,  together  with  the 
Vfhoh  side  of  the  mountain  opposite,  as  far  up  as  we  couki  see,  was 
covered  with  sulphur  and  clay,  chiefly  of  a  white  or  yellowish  co- 
lour. Walking  over  this  soft  and  steaming  surface  we  found  to  be 
¥ery  hasardoiis;  and  we  were  frequently  very  uneasy  when  the  va« 
ponr  concealed  us  from  each  other.  The  day,  however,  beuig  dry 
and  warm,  the  surface  was  not  so  slippery  as  to  occasion  much  risk 
of  our  falling.  The  chance  of  the  crust  of  sulphur  breakingt  or 
the  day  shiking  with  us,  was  great ;  and  we  were  several  times  in 
danger  of  beii^  much  scalded.  Mr.  Bright  tan  at  one  tioM;  a  great 
liiiyard,  and  su&red  considerable  pain  from  accidentally  plungiBg 
one  of  his  legs  into  the  hot  clay*  From  whatever  spot  the  sulphur  is 
removed,  steam  instantly  escapes;  and,  in  many  pla«es!,  ^«  sut- 
ler was  so  hot  that  we  could  scarcely  handle  it.  From  the  smelly 
we  perceived  that  the  steam  was  mixed  with  a  small  quantity  of  sul- 
phurated hydrogen  gas.  When  the  thermometer  wpis  s|mk  a  fevi; 
inches  into  the  clay,  it  rose  generally  to  within  a  few  degrees  of  the 
boiling  point.    By  stepping  cautiously,   and  avoiding  every  little 
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htAt  firoiD  which  steam  issued,  we  soon  discovered  how  far  we  might 
veatore.  0«r  good  fortnney  however,  ought  not  to  tempt  any  per* 
son  to  examine  this  wonderful  place,  without  being  provided  with  two 
boaifds,  with  which  every  part  of  the  banks  may  be  traversed  m 
perfect  safety.  At  the  bottom  of  tiiis  hollow  we  found  a  cauldron 
of  boiling  mud,  about  fifteen  feet  in  diameter,  similar  to  that  on  the 
top  of  the  mountain,  which  we  had  seen  tlie  evenmg  before ;  but  this 
boiled  with  much  more  vehemence.  We  went  within  a  few  yards  of 
it,  the  wind  happening  to  be  remarkably  favourable  for  viewing  evei^ 
part  of  this  singular  scene*  The  mud  was  in  constant  agitation,  and 
often  thrown  up  to  the  height  of  six  or  eight  feet.  Near  this  spot 
was  an  irregular  space  filled  with  water  boiling  briskly.  At  the  foot 
of  the  hill,  is  a  hollow  formed  by  a  bank  of  clay  and  sulphur,  steam 
rushed  with  grOit  force  amd  noise  from  among  the  loose  fragments  of 
lock* 

Further  up  the  mountain,  we  met  with  a  spring  of  cold  water, 
a  circumstance  little  ex|)ected  in  a  place  like  thb.  Ascending  stiU 
iiigher,  we  came  to  a  ridge  composed  entirely  of  sulphur  and  clay, 
joining  two  summits  of  the  mountain.  Here  we  found  a  much 
greater  quantity  of  sulphur  than  on  any  other  part  of  the  surface  we 
had  gone  over.  It  foktned  a  smooth  crust  from  a  quarter  of  an  inch 
to  several  inches  in  thickness.  The  crust  was  beautifully  crystallized, 
aod  immediately  beneath  it  we  found  a  quantity  of  loose  granular 
•uiphur,  which  appeared  to  be  collecting  and  crystallizing  as  it  was 
safolimed  along  with  the  steam.  Sometimes  we  met  with  chiy  of  dif^ 
ferent  colours,  white,  red,  and  blue,  under  the  crust ;  but  we  could 
not  examine  this  place  to  any  depth,  as,  the  moment  the  crust  was 
removed,  steam  came  forth,  and  proved  extremely  annoying.  We 
found  several  pieces  of  wood,  which  were  probably  the  remains  of 
pfamks  that  had  been  formerly  used  in  collecting  the  sulphur,  small 
crystals  of  which  partially  covered  them.  There  appears  to  be  a 
Goostant  sublimation  of  thb  substance ;  and  were  artificial  chambers 
constructed  for  the  reception  and  condensation  of  the  vapours,  mudi 
of  it  might  probably  be  collected.  As  it  is,  there  is  a  large  quantity 
OB  the  iurfaoe;  and,  by  searching,  there  is  little  doubt  that  great 
stores  may  be  found.  Tlie  inconvenience  proceeding  firom  the  stream 
^jsfubg  on  every  side^  and  from  the  heat,  is  certainly  consklerable ; 
tet^  by  proper  precautions,  neither  would  be  felt  so  much  as  to 
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,  vender  the  collection  of  the  sul|)hura  tuatter  of  any  great  difiiciJlty, 
trhe  chief  obstacle  to  working  these  mines,  is  their  distance  firom  a 
port  whence  the  produce  could  be  shaped*  Bnt  there  are  so  many 
horses  in  the  country^  whose  original  price  is  trifling,  and  whose 
maintenance  during  summer  costs  nothing,  that  the  conveyance  of 
sulphur  to  Reikiavik  presents  no  difficulties  which  might  not  pro- 
bably be  surmounted. 

Below  the  ridge  on  the  farther  side  of  this  great  bed  of  sulphur, 
we  saw  a  great  deal  of  vapour  escaping  with  much  noise.  We  crossed 
.to  the  side  of  the  mountain  opposite^  and  found  the  surface  soffi- 
4;iently  firm  to  admit  of  walking  cdntiously  upon  it.  We  had  now 
«to  walk  towards  the  principal  spring,  as  it  is  called.  This  was  a 
task  of  much  apparent  danger,  as  the  side  of  the  mountain,  for  the 
fextent  of  about  half  a  mile,  is  covered  with  loose  day,  into  which 
our  feet  sunk  at  every  step.  In  many  places  there  was  a  thin  crust, 
below  which  the  clay  was  wet,  and  extremely  hot.  Good  fortune 
attended  us ;  and  without  any  serious  inconvenience,  we  reached  the 
object  we  had  in  view.  A  dense  column  of  steam,  mixed  with  a 
little  water,  was  forcing  its  way  impetuously  through  a  crevice  io 
the  rock,  at  the  head  of  a  narrow  valley,  or  break  in  the  mountain. 
The  violence  with  which  it  rushes  out  is  so  great,  that  the  noise, 
thus  occasioned,  may  often  be  heard  at  the  distance  of  several  miles ; 
and^  during  night,  while  lying  in  our  tent  at  Krisuvik,  we  more 
than  oBce  listened  to  it  with  mingled  awe  and  astonishment.  Behind 
the  column  of  vapour  was  a  dark-coloured  rock,  which  gave  it  its 
fall  effect. 

It  is  quite  beyond  our  power  to  offer  such  a  description  of  this 
/extraordinary  place,  as  to  convey  adequate  ideas  of  its  wonders  or 
its  terrors*  The  seasationa  of  a  person,  even  of  firm  nerves,  stsmdio* 
on  a  suf^rt  which  feebly  sustains  him,  over  an  abyss  where,  literalfy, 
lire  and  brimstone  are  in  dreadful  and  incessant  action ;  havmg  be* 
fore  his  eyes  tremendous  proofs  of  what  is  going  on  beneath  hmi ; 
jpnveloped  in  thick  vapours ;  his  ears  stunned  with  thundering  ndisest 
fnust  be  experienced  before  they  can  be  understood. 
'  [Trw^f  m  the  hUmd  rflcelan^ 
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SECTION    i\% 

Volcanic  Peak  of  Snafell  JohuL 
[From  Mr.  Brio ht's  Narration.] 

After  a  hesitatiou  of  an  hour  or  two^  on  account  of  the  doubt- 
ful appearance  of  the  day,  Mr.  Holland  and  myself  with  our  inters 
preter,  and  one  of  our  guides,  who  was  very  desirous  of  accompanying . 
us,  put  ourselves  under  the  durection  of  a  stout  IceLinder,  who  undear* 
took  to  be  our  leader  in  the  ascent  of  tlie  Jokul.    He,  howeverr 
lionestly  confessed,  that  he  had  never  be^n  higher  up  the  mountirin^ 
than  the  vergQ  of  the  perpetual  suow^  as  the  sheep  never  wandered 
beyond  that  limit;  but  this  was  also  the  case  with  the  other  inhabi* 
tants  of  the  djjstrict*    Every  oqe  of  us  provided  himself  witb  aa  \ 
Icel^and  walking  staff,  furnislied  with  a  long  spike  at  the  end ;.  and^ . 
in  case  of  need,  we  carried  some  pairs  of  large  coarse  worsted 
8to<;kings  of  the  country  manu^icture.    We.  likewise  had  our  haat* 
mecs  and  bags  for  specimens^  a  compass  and  thermometer,  a  bottle  t 
of  brandy,  with,  some  rye-bread  and  cheese. 

Thus  e€[oipped,  we  set  forward  on  our  march ;  and  having  passed 
two  or  three  cotlages»  whose  inhabitants  gazed  with  wonder  at  our 
expedition,  we  dimmed  our  course  in  nearly  a  straight  line  towar^b  > 
the  margin  of  the  snow*    The  nearer  we  approached  it,  vegetation/ 
became  more  and  more  scanty,  and  at  length  almost  entirely  disap^ 
peared.    Afiter  walking  at  a  steady  pace  for  two  hours,  in  whicli^': 
time<  we  had  gone  about  six  vaA&,  we  came  to  the  first  snow,  and' 
prepajred  ourselves  for  the  more  arduous  part  of  our  enterpriser 
The  road  being  sow  alike  new  to  all,  we  were  as  compfstefit  as  our  ^ 
guides  to  the  direction  of  our  further  course.    The  summits  of  all-* 
the  surrounding  mountains  were  covered  witli  mist ;  but  the  Jokui  \ 
jwas  perfectly  clear  ;   and  as  the  sun  did  not  shine  so  bright.  as< to -r 
dazale  our  eyes  with  the 'reflection  from  the  snow,  we  entertaintilr 
good  hopes^  of  accomplishing  our  purpose.    During  the  first  hour  > 
the. ascent  was  not  very  difficult,  aiMi.  tlie  snow  was  sufficiently  ^oflfo 
to  yield  to  the  pressure  of  our  feet.     After  that  time  the  acclinty  - 
wtis  steeper,  the  snow  became  harden  ami  deep  fissures  appeared  is  . 
it,  which  we  were  obliged  to  cross,  or  to  avoid  by  going  a  conddeiwi 
able  w^F  round.  These^fissures  ^^^sented^  very  beautiful  spectacle  f./ 
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Umj  were  at  least  thirty  or  forty  feet  in  depth,  and  though  not  'm 
general  above  two  or  three  feet  wide,  they  admitted  light  enough  to 
display  the  brilliancy  of  their  white  aiid  rugged  sides.  As  we  as- 
ceaded^  the  inferior  mountains  gradually  diminished  to  the  sight, 
and  we  beheld  a  complete  zone  of  clouds  encircling  us,  while  the 
Jokul  still  remained  clear  and  distinct.  From  time  to  tinse  the 
clottdsy  partially  separating,  formed  most  pkturesqne  arches,  through 
which  we  descried  the  distant  sea,  and  still  farther  ofl^  the  moun* 
tabs  on  the  opposite  side  of  the  Breid^-Fiord,  stretching  northwards 
towards  the  most  remote  extremity  of  the  bland. 

In  the  progress  of  our  ascent,  we  were  obliged  frequently  to 
aBow  ourselves  a  temporary  respite,  by  sittmg  down  for  a  few  m^mutes 
OB  the  snoWi  About  three  o'clock,  we  arrived  at  a  chasm,  which 
threatened  to  put  a  complete  stop  to  our  progress.  It  was  ait  least 
forty  feet  in  depth,  and  nearly  six  feet  wide ;  and  the  opposite  side 
pretented  a  &ce  like  a  wall,  being  elevated  several  feet  above  the 
l^Fel  of  the  surlace  on  which  we  stood ;  besides  which,  from  the 
£dling  in  of  the  sno#  in  the  interior  of  the  chasm,  all  the  part  on 
which  we  were  standing  was  undermined,  so  that  we  were  afraid  to 
ai^roach  too  near  the  brink  lest  it  should  give  way.  Detemnoed, 
howevtf ,  not  to  renounce  the  hope  of  passing  this  barrier,  we  fol- 
lowed its  course  till  we  found  a  place  that  encouraged  the  attempt. 
The  opposite  bank  here  was  not  above  four  feet  high,  and  a  mass  of 
snow  formed  a  bridge,  a  veiy  insecure  one  indeed,  across  the  chasm. 
Standing  upon  the  brink,  we  cut  with  our  poles  three  or  four  steps 
in  the  bank  on  the  other  side,  and  then,  stepping  as  Hghtly  as  pos* 
sible  over  the  bridge,  we  passed  one  by  one  to  the  steps,  which  we 
ascended  by  the  help  of  our  poles.  The  snow  on  the  opposite  side 
became  immediately  so  excessively  steep,  that  it  required  our  utmost 
eflbrts  to  prevent  our  sliding  back  to  the  edge  of  the  fMFecifHee,  in 
which  case  we  should  inevitably  have  been  plunged  into  the  chasm. 
TUs  dangerous  part  of  our  ascent  did  not  continue  leug ;  and  we 
ioen  found  ourselves  on  a  tolerably  level  bank  <tf  snow,  with  a  pre* 
tifice  on  our  right  about  sixty  feet  perpendicular,  piuMaB<n%Bi  sp 
pearance  as  if  the  snow  on  the  side  of  ikt  Mwmtmo  had  sl^iped 
away,  leaving  behind  it  the  part  oa  which  we  stood.  We  were  now 
OB  the  summit  of  one  of  the  three  peaks  of  the  mountiUB;  that 
w^kb  ia  4taitfcrd  fortbest  to  the  east.  We  beheld  inunedia^ely  fao- 
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fore  us  a  fissure  greatly  more  forinidabte  in  widtli  and  depth  thaa 
any  we  had  passed,  and  which,  indeed,  offered  an  insuperable  ob- 
stacle to  our  further  progress.  The  highest  peak  of  the  Jokul  was 
still  a  hundred  feet  above  us ;  and  after  looking  at  it  some  tkne^ 
with  the  mortification  of  disappointment,  and  making  some  fruitless 
attempts  to  reach,  at  least,  a  bare  exposed  rock  which  stood  in  tlie 
mkldle  of  the  fissure,  we  were  obliged  to  give  up  all  hope  of  advan- 
cing  further. 

The  peak  of  the  Jokul  we  had  now  attained,  is  about  4,460 
feet  above  the  level  of  the  sea.  The  extensive  view  which  we 
might  have  obtained  from  this  elevated  point,  was  almost  ei^rtly 
intercepted  by  the  great  masses  of  cloud,  which  hung  upon  the  sides 
of  the  mountain,  and  admitted  only  partial  and  indistinct  views  of 
the  landscape  beneath.  It  has  been  said  by  Egbert  Olafsoo,  and 
others,  that  from  one  part  of  the  channel  which  lies  between  Iceland 
and  Greenland,  the  mountain  of  Snaefell  Jokul  may  be  seen  on  one 
8ide>  and  a  lofty  mountain  in  Greenland  on  the  other.  It  is  dffi^ 
cult  to  ascertain  how  far  this  is  an  accurate  stateftient.  The  distance 
between  the  two  countries  at  this  place  cannot  be  less  than  eighty 
or  nmety  leagues. 

The  clouds  now  began  rapidly  to  accumulate,  and  were  visibly 
rolling  up  the  side  of  the  mountain ;  we  were  therefore  anxious  to 
quit  our  present  situation  as  speedily  as  possible,  that  we  plight  re«- 
pass  the  chasm  before  we  were  involved  in  mist.  Our  first  object, 
however,  was  to  examine  the  state  of  the  magnetic  needle,  whidi 
Olafson  in  his  travels  asserts  to  be  put  into  great  agitation  at  the 
summit  of  this  mountain,  and  no  longer  to  retam  its  polarity.  What 
may  be  the  case  a  hundred  feet  higher,  we  cannot  affirm ;  but  at 
the  point  we  reached,  the  needle  was  quite  stationary,  and,  as  far  as 
we  coijdd  judge,  perfectly  true.  We  then  noted  an  observation  of 
the  thermometer,  which  we  >¥ere  surprised  to  find  scarcely  so  low  as 
the  freezing  point ;  and  after  an  application  to  the  brandy  bottle, 
began  with  great  care  to  retrace  the  footsteps  of  our  ascent.  We 
found  re«crossiog  the  chasm  a  work  of  no  small  danger;  for  when- 
ever  we  stuck  our  poles  into  the  snow  bridge»  they  went  directly 
through.  The  first  person,  therefore,  who  crossed,  thrust  his  pok 
deep  mto  the  lower  part  of  the  wall,  thus  affording  a  point  of  8op« 
port  for  the  feet  of  those  who  followed;  Mr.  Holland,  howev^, 
who  was  the  second  in  passing  over,  had,  notwithstanding>a  narrow 
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escape,  for  his  foot  actually  broke  Uirough  the  bridge  of  snow,  and 
it  was  with  difficulty  he  rescued  himself  from  fulling  inito  th^  cliasm 
beneath.  We  w^re  scarcely  aH  safe  on  tlie  lower  side  oflh^  chasm, 
^hen  the  inbt  surrounding  us^  made  it  extremely  ditiicutt  to  keep 
the  tract  by  which  uehad  ascended  the  mountaim.  When  we  cam6  op- 
posite to  a  small  bank  whidi  we  had  remarked  in  our  ascent' as  being 
free  from  snow,  wb  desired  our  guide  to  remain  where  lie  was>  that 
we  might  not  lose  the  path,  while  we  went  to  examini^  the  spotl 
We  found  the  baitk  to  be  almost  entirely  composed  of  fragments  of 
pumice  and  volcanic  scoriae.  After  our  returti  to'  the  former  tract, 
we  made  the  best  of  our  way  back  to  OlafsHk,  which  we  reached  at' 
4ibobt  a  quarter  past  six,  to  the  great  surprise  of  every  on^';  for  W^ 
wfere  scarcely  expected  till  the  following  morning ;  su(ih  is'th^  reVe- 
rcaitial  awe  in^ired  by  the  Jokul.  None  of  our  party  seemed  more 
gratifieiMith  the  exploit  than  our  guide,  who  having  always  betfd ' 
aeciistomed  to  look  upon  the  JokUl  as  some  invincible  giadi',  greatly 
exulted  iu  this  victory  over  him ;  butwe  afterwards  learned,  thathe 
foued  considerable  difficulty  iu  making  his  friends  credit  bi^  nafrd- 
tive  <tf  the  asoent. 

[Sir  George  Mackenxie's  Travets  in  Icelatu^.'} 


CHAP.  xni. 

ASIATIC  VOLCANOES. 

U  PON  tlie  whole,  this  qimrter  of  the  world  appears  to  hate  suf^ 
fered  less  severely  from  the  calamity  of  volcanoes  and  earthqiiak^i 
than  any  other.  Those  that  are  chiefly  worthy  of^ucftlce  ar^  to  be 
found  in  Japan  and  the  New  Hebrides. 

SECTION  I. 

Volednoes  ef  Japan. 
ZkVkia  is  very  remarkable  for  the  great  number  of  its  burnhig 
mountains.     Not   far   from  Firanda,   is  a  small  rocky    island, 
which   hath  been  buAmig  and  tremblmg  for  many  centdrie^; 
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^nd  ID  another  small  island,  opposite  to  Santznma,  is  a  volcano  that 
has  been  burning  at  different  intervals  for  many  ages;  On  the  sum- 
mit of  a  mountain,  in  the  province  of  Figo,  is  a  large  cavern,  for- 
merly the  mouth  of  a  volcano,  but  the  flame  has  ceased,  probably 
for  watit  of  tombustible  matter.  In  the  same  province,  near  a  re- 
ligious structure  called  the  Temple  of  the  Jealous  God  of  Aso,  a 
per|:^tudl  flame  issues  from  the  top  of  a  mountain.  Iti  the  province 
of  Tsickusen  is  another  burning  mountain,  where  was  formerly  a 
coal-pit  $  but  it  being  set  on  fire  by  the  carelessness  of  the  work> 
men,  it  has  been  burning  ever  since.  Sometimes  a  black  smoke» 
accompanied  with  a  very  diisagreeable  stendh,  is  observed  to  issue 
out  of  the  top  of  a  famous  mountain  called  Fesi,  in  the  province  of 
Seruga.  This  mountain  is  said  to  be  neiirly  as  high  as  the  Peak  of 
Tenerifl*e,  but  in  shape  and  beauty  is  supposed  to  have  no  equals 
and  its  top  is  covered  with  perpetual  snow. 

Captain  Gore,  when  leaving  the  coast  of  Japan^  passed  by  great 
quantities  of  pumice-stone^  several  pieces  of  which  were  taken  up> 
and  found  to  weigh  from  one  ounce  to  three  pounds  j  it  was  con- 
jectured that  these  stones  had  been  thrown  into  the  sea  by  eruption^ 
at  various  times^  as  many  of  them  were  covered  With  barnacles,  and 
others  were  quite  bare. 

Section  iu 

Volcanoes  of  Kamtschatkd^ 

*There  are  three  burning  mouutams  in  Kamtschatka  which  fpr 
many  years  have  thrown  out  a  considerable  smoke,  but  do  not  often 
burst  into  flame.  One  of  these  is  situated  in  the  neighbourhood 
of  Awatska;  another  called  the  volcano  of  Tolbatchiek,  is  si- 
tuated on  a  neck  of  ground  between  the  river  Kamtschatka, 
and  the  Tolbatchiek.  In  the  beginning  of  the  year  1739,  a 
whirlwind  of  flames  issued  from  its  crater;  which  reduced  to  ashes 
the  forests  on  the  neighbouring  mountains :  this  was  succeeded  by 
k  cloud  of  smoke  which  overspread  and  darkened  the  whole  c6un<« 
try,  till  it  was  dissipated  by  a  shower  of  cinders,  which  covered  the 
ground  to  the  distance  of  thirty  miles.  The  third  volcano  is  on  thci 
top  of  the  mountain  of  K,amtschatka,  which  ii  described  as  by  fat 
the  highest  hi  the  peninsula;  it  rises  from  two  rows  of  hills,  some^ 
ivbat  in  the  form  of  9  «ugar-loaf»  to  a  very  great  height ;  iisualljr 

VOL.  I.  2  H 


Digitized 


by  Google 


466  ASIATIC  VOLCANOES, 

tlirows  out  ashes  twice  or  thrice  a  year,  sometimes  in  such  qaaih' 
tities,  that  for  three  himdred  versts  routui  the  earth  is  covered  witb 
them :  a  conflagration  began  on  the  ^5tb  of  September,  in  the  year 
1737)  3t^<J  continued  burning  a  week,  with  such  violence,  that  the 
mountain  appeared,  to  those  who  were  tishing  at  sea,  like  one  red- 
hot  rock ;  and  the  flames  that  burst  through  several  openings,  with 
a  dreadful  noise,  resembled  rivers  of  fire.  From  the  iuside  of  the 
mountain  were  heard  thnnderings,  crackings,  and  blowing  like  tbe 
blast  of  tbe  strongest  bellows,  shaking  all  the  neighbouring  country ; 
tbe  nights  were  most  terrible ;  but  at  last  the  conflagration  ended, 
by  the  mountain's  casting  out  a  prodigious  quantity  of  cinders  and 
ashes,  among  which  were  porous  stones,  and  glass  of  various  colours. 
When  Captain  Clerk  sailed  out  of  the  harbours  of  Staints  Peter  and 
Paul,  to  the  northward,  an  eruption  of  the  firvt  of  these  volcanoes 
tvas  observed,  being  on  tbe  15th  of  June,  1778 ;  before  day*light  a 
rumbling  noise  was  heard,  resembling  distant  hollow  thunder ;  and 
Vhen  the  day  broke,  the  decks  and  sides  of  the  ships  were  seen  to 
he  covered  with  a  fine  dust  like  emery,  near  an  inch  thick,  tbe  air 
at  the  same  time  continued  loaded  and  darkened  with  thb  sub- 
stance, and  towards  the  mountain,  which  is  situated  to  the  north  of 
the  harbour,  was  so  thick  and  black,  that  the  body  of  the  hill  could 
not  be  diitiuguished.  About  twelve  o'clock,  and  during  the  after- 
noon, the  explosions  became  louder,  and  were  followed  by  showers 
of  cinders,  which  were  in  general  about  the  size  of  peas,  though 
many  were  picked  up  upon  the  deck  larger  than  a  hazel  nut.  Along 
with  the  cinders  fell  several  small  stones,  whkh  had  undeigohe  no 
change  from  the  action  of  fire.  In  the  evening,  dreadful  thunder 
and  lightning  came  on,  which,  with  the  darkness  of  the  atmosphere, 
and  the  sulphureous  smell  of  tbe  air,  produced  altogether  a  most 
awful  effect.  The  ships  were  at  that  time  about  eight  leagues  from 
the  foot  of  the  mountain.  Capt.  Cierke  was  informed,  on  hk  re* 
turn,  that  at  the  craters  of  St.  Peter  and  of  St.  Paul  stones  were  thrown 
forth  of  the  slae  of  a  goose's  egg. 

SECTION  in. 

Volcanoes  of  the  New  Hebrides. 

A  cluster  of  islands  in  the  Paqi|ic  Ocean,  which  was  first  traced  by 
Quiros,  in  l606,  next  by  M.  de  Bougainville,  in  1763,  and  after- 
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ward  by  Captain  Cook,  Uie  first  of  whom  called  what  he  had  disco- 
vered Sierra  del  E^ritu  Santo  ;  the  next,  the  Archipelago  of  the 
Great  Cyclades ;  and  the  last,  who  visited  each  island,  the  New  He- 
brides, are  situated  between  the  latitudes  of  40**  29'  and  20°  ^  south, 
and  between  166*' 41^ and  170°21'  east  longitude ;  they  are  eighteen 
in  number,  and  extend  one  hundred  and  twenty-five  leagues  in  the 
direction  of  norths  north-west,  and  south-south-east.  On  one  of  the 
islands,  which  is  named  Tanna,  a  volcano  was  seen  from  Captain 
Cook's  ship,  about  four  miles  to  the  westward,  which  was  burning 
with  great  fury.  In  the  night  of  the  5th  of  August,  1/74,  it  vo- 
mited vast  quantities  of  fire  and  smoke,  and  the  flames  were  seen 
to  rise  above  the  hills  which  lay  between  it  and  the  ship.  At  every 
eruption  it  made  a  loud  rumbling  noise,  like  that  of  thunder,  or  the 
blowing-up  of  large  mines.  A  heavy  shower  of  rain,  which  fell  at 
the  same  time,  seemed  to  increase  it ;  and  the  wind  blowing  from 
that  quarter,  the  air  was  loaded  with  its  ashes,  which  fell  so  thick. 
Chat  every  thing  was  covered  with  the  dust.  It  was  a  kind  of  fine 
sand  or  stone,  ground  or  burnt  to  powder,  and  was  exceedingly  trou- 
blesome to  the  eyes. 

\Cfioh  Quhros.  Bougainville.  Farster.^ 


CHAP.  XIV. 

VOLCANOES  OF  THE  AFRICAN  ISLANDS. 

X  HE  continent  of  Afriea  appears,  as  far  as  we  are  acquainted  with 
it,  to  have  been  but  little  afflicted  with  volcanic  visitations  at  any 
time.  Bat  its  different  groupes  of  islands  exhibit  strong  and  strik- 
ing marks  of  this  terrible  scourge.  These  are  chiefly  to  be  traced  in 
St.  Helena^  among  the  Cape  Verd  and  Fortunate  Islands,  or  Cana- 
lies,  and  in  the  Isle  of  Bourbon  or  Reunion :  to  which  we  shall  con- 
ine  our  attention. 
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SECTION  I.  X 

P^olcanoes  of  St.  Helena. 

Besides  thevofcanoes  which  are  still  burnitig,  there  are  innume'^ 
rable  mountains  which  bear  evident  marks  of  (ire  that  is  now  extinct^ 
and  has  been  so  from  the  time  of  the  earKest  traditidns :  among^ 
these  is  the  isolated  rock  of  St.  Helenii^  where  tlie  inequalities  of 
surface  are  manifestly  the  effect  of  the  sinking  of  the  earth; 
for  the  opposite  ridges,  though  always  separated  by  deep^  and 
sometimes  by  broad  vatlies,  are  exactly  similar,  both  m  appear* 
ance  and  direction:  and  tfiat  the  sinking  of  the  earth  in  diose 
parts  was  caused  by  subtei^raneous  fires,  is  equally  manifest  from 
the  stones;  for  some  of  them,  especially  those  in  the  bottom  of 
the  Tallies,  are  burnt  almost  to  a  cinder;  in  some  iheui  are  small 
bubbles,  like  those  that  ace  seen  in  glass  which  has  been  urged  al- 
most to  fusion;  and  some,  though  at  first  siglit  they  do  not  appear 
to  have  been  exposed  to  the  action  of  great  beat,  will  be  found, 
upon  a  closer  inspection,  to  contain  small  pieces  of  extraneous  bo- 
dies, ias,  particularly,  muodick,  which  have  yielded  to  the  power  of 
fire,  tliough  it  was  not  sufficient  to  alter  the  appearance  of  the  stone 
which  contained  them. 

SECTION    II« 

Volcanoes  of  the  Cape  Verd  Islands. 

This  group  of  islands  afford  several  that  have  been  long  extinct. 
Among  those  that  are  occasionally  active,  the  chief  is  to  be  found  ia 
the  island  of  Fogo  or  Fuego.  This  is  situated  in  iatitade  13^  2(^ 
north,  is  much  higher  than  any  of  the  rest,  and  appears  at  sea  like 
one  continued  mountain.  In  sailing  by  it,  no  valleys  arc  to  be 
seen,  these  only  resembling  gutters,  made  by  torrents  of  ram  run- 
ning down  the  mountain :  but  when  a  person  is  on  shore,  near  one 
of  these  seeming  gutters^  he  finds  that  they  are  deep  vallies  bounded 
by  lofty  mountains. 

On  the  top  is  a  volcano,  which  may  be  seen  at  a  great  distance  at 
lea.  It  sometimes  casts  forth  fragments  of  rock,  of  an  amazing  six^ 
to  a  vast  height,  with  a  noise  like  that  of  the  loudest  thunder ;  and 
sotnetones  torrents  of  flanung  brimstone  pour  from  the  peak,  like 
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bitants  can  gather  what  quantities  of  that  mineral  substance  they 
please.  It  is  not  unlike  common  brimstone,  but  is  of  a  much  brighter 
colour,  and  on  being  burnt,  gives  a  clearer  flame.  At  other  times, 
the  volcano  casts  forth  such  an  amazing  quantity  of  ashes,  that  the 
ac^acent  parts  are  covered,  and  many  goats  smothered^ 


SECTION  III. 

Volcanoes  of  the  Canaries. 

•  The  principal  volcanoes  belonging  to  this  group  of  islands  are  tp 
be  met  with  in  Lancerota,  Fuertaventura,  Palma,  and  Tenerifie. 

JnLancerota  and  Fuertaventura,  are  many  bills  that  were  formerly 
volcanoes,  the  tops  of  which  are  of  a  small  circumference,  and  are 
hollow  for  a  little  way  downward  ;  the  edges  of  the  tops  being  usually 
narrow  and  sharp,  and  on  the  outside  is  generally  seen  a  great  deal 
of  black  dust,  and  burnt  stone,  like  pumice-stone,  only  darker  and 
more  ponderous.  Mo  eruptions  have  been  known  to  happen  for 
several  ages,  except  one  at  Lancerota,  which,  about  sixty  years  ago, 
broke  out  on  the  south-west  part  of  the  island^  throwing  out  such  au 
immense  quantity  of  ashes  and  huge  stones,  and  with  so  dreadful  a 
noise,  that  many  of  the  inhabitants,  leaving  their  houses,  fled  to 
Fuertaventura ;  but  some  time  after,  finding  that  those  who  ven- 
tured to  stay  had  received  no  hurt,  they  took  courage,  and  returned. 
This  volcano  was  near  the  sea,  in  ^  place  remote  from  any  habi- 
tation. At  a  small  distance  from  it,  a  pillar  of  smoke  issued  from  the 
sea,  and  afterwards  a  small  pyramidical  rock  arose,  which  still  con* 
tinues.  This  rock  was  joined  to  the  island  by  the  matter  thrown  out 
of  the  volcano.  The  noise  of  the  eruption  was  so  loud,  that  it  wa^ 
iieard  at  Teneriffe,  although  at  the  distance  of  forty  leagues,  whic^i 
was  probably  occasioned  by  the  wind  generally  blowing  from  Lance* 
rota  toward  that  island. 

Palm  A  is  a  high  and  spacious  mountain,  steep  oi^  all  sides. 
It  is  called  La  CaUera,  or  ike  Cauldron,  from  a  hol|ow  like  that  on 
the  Peak  of  Tenerifle.  The  summit  is  about  two  lec^ues  in  circum* 
ference^  from  which,  on  the  inside^  the  Cauldron  descends  gradually 
to  the  bottom,  which  is' a  space  of  about  thirty  acres.  On  the  de- 
clivity of  the  inside  spring  several  rivulets,  which,  joining  together 
at  the  bottom,  issue  in  one  stream  thrQ\igh  a  passage  to  the  outside 
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of  the  mountain  from  wbkli  this  brook  descends^  and  having  run 
some  distance^  turns  two  sugar  mills.  The  water  of  this  stream  is> 
unwholesome^  on  account  of  its  mixing  with  otiier  water  of  a  perni- 
cious quality  in  the  Cauldron,  all  the  inside  of  which  abounds  with 
herbage,  and  is  covered  with  palms,  pitch-pine,  laurel,  lignum'* 
rhodium,  and  ratamas,  wliich  last  have  in  this  island  a  yellow  bark, 
and  grow  to  the  size  of  large  trees,  but  in  the  others  they  are  only 
shrubs.  The  people  here  take  great  care  not  to  let  the  he-goats 
feed  on  the  leaves  of  the  rataraa,  as  they  imagine  those  leaves 
breed  a  stone  in  the  bladder,  which  kills  the  animal. 

Tenbrif,  or  the  JVhiie  Mountain,  derives  its  name  from  the  jb- 
habitants  of  the  neighbouring  island  of  Palma,  among  whom  tkener^ 
we  are  told  by  Glas,  imports  a  mountain,  and  if,  white,  its  peak  or 
summit  being  always  covered  with  snow.  On  the  north-west  side, 
of  the  island  is  a  bay  called  Adexe,  or  rather  Adehe,  where  large 
ships  may  anchor :  and  on  its  north-west  side  is  a  hayeu  called  Gar- 
rachica,  once  the  best  port  in  the  island,  but  destroyed  by  a  tre- 
mendous earthquake  in  1^04,  which  the  natives  have  significantly 
denominated  the  "  earthquake-year,"  The  harbour  was  filled-up 
by  the  river  of  burning  lava  that  flowed  into  it  from  the  volcano, 
so  that  houses  are  now  built  where  ships  formerly  lay  at  anchor ; 
though  vessels  may  safely  approach  the  coast  in  the  summer. 

The  earthquake  began  on  December  24  of  the  above  year,  and  in 
the  space  of  three  hours  not  less  than  twenty-nine  shocks  were  felt. 
They  still,  however,  increased  in  violence,  so  as  at  length  to  rock 
all  the  houses,  and  oblige  the  inhabitants  to  abandon  them.  The 
consternation  became  universal  j  and  the  people,  with  the  bishop  at 
their  head,  made  processions  and  prayqrs  in  the  open  fields.  On 
the  31st,  a  great  light  was  observed  at  Manja,  towards  the  White. 
Moimtains,  when  the  earth  opening,  two  volcanoes  were  formed 
that  threw  up  such  heaps  of  stones,  as  to  raise  two  considerable 
mountains.  On  the  5th  of  January  the  sun  was  totally  obscured, 
with  clouds  of  smoke  and  fiame,  which  continually  increasing,  aug- 
mented the  consternation  and  terror  of  the  inhabitants.  Before 
night,  the  whole  country,  for  nine  miles  round,  was  in  fiajoies,  by 
the  flowing  of  the  liquid  fire  with  the  rapidity  of  a  current,  into  all 
quarters,  from  another  volcano,  which  opened  by  at  least  thirty  dif- 
ferent vents  within  the  compass  of  half  a  mile.  The  horror  of  this 
the  rushing  of  water  down  a  steep  mountain  ;  after  which  the  iuha- 
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scene  was  greatly  increased  by  the  violence  of  the  shoqks,  which 
never  once  remitted^  but  by  their  force  entirely  overthrew  several 
houses,  and  shook  others  to  their  very  foundations;  while  the 
wretched  inhabitants  were  again  driven,  defenceless  and  dismayed, 
into  the  open  fields,  where  they  every  moment  expected  to  be  swal- 
lowed-up  by  some  new  gulph.  The  noise  of  the  volcanoes  was 
beard  at  the  distance  of  twenty  leagues,  and  even  there  the  sea  shook 
with  such  violence  as  alarmed  the  mariners^  who  apprehended  that 
the  ship  had  struck  upon  a  rock.  Meanwhile,  a  torrent  of  sulphur 
and  melted  ores  of  different  kinds  rushed  from  this  last  volcano  to- 
ward Guimar,  where  the  houses  and  public  buildings  were  thrown 
down  by  the  violence  of  the  accompanying  shocks.  On  the  2d  of 
February  another  volcano  broke  out,  even  in  the  town  of  Guimar, 
which  swallowed  up  a  large  church.  From  the  24th  of  December 
to  the  23d  of  February,  the  people  were  constantly  alarmed  by  con- 
tinual shocks  of  earthquakes,  and  the  terrible  volcanoes  that  burst 
forth  in  different  parts  of  the  island.  Since  that  tiine  no  earthquake 
or  eruption  has  happened,  but  smoke  continually  issues  from  near 
the  top  of  the  mountain. 

It  is  in  the  centre  of  Teneriffe,  whose  form  is  nearly  triangular, 
each  side  about  twelve  leagues  long,  that  we  meet  with  the  cele- 
brated pike  or  peak,  called  Teyde  by  the  ancient  inhabitants,  a 
name  which  it  retains  to  the  present  day.  There  are  three  valuable 
accounts  of  journies  made  to  the  top  of  the  peak  by  Cnglisk  tra- 
vellers :  that  of  Dr.  Spratt,  Bishop  of  Rochester ;  that  of  Dr.  He* 
berden,  both  contained  iu  tbe  Philosophical  Transactions ;  and  that 
of  Mr.  Glas,  who  ascended  it  about  nine  years  after  Dr.  Heberden, 
and  has  given  a  minute  description  of  his  tour  iu  his  (iistory  of  the 
Canary  Islands.  The  substance  of  these  different  aecounts  shall  be 
laid  before  the  reader. 

In  the  beginning  of  the  month  of  September  17^1,  at  about  four 
in  the  afternoon,  Mr.  Glas  set  out  on  horseback,  iu  company  with 
the  master  of  a  ship,  to  visit  the  peak.  They  had  with  them  a  ser- 
vant, a  muleteer,  and  a  guide ;  and,  after  ascending  about  six  miles, 
arrived  toward  sun-set;  at  the  most  distant  habitation  from  the  sea, 
which  is  in  a  hollow :  here  finding  an  aqueduct  of  open  troughs,  that 
conyey  water  down  from  the  head  of  the  hollow,  their  servants  w  a- 
tered  the  cattle,  and  Ailed  some  small  barrels  to  serve  them  iu  their 
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expeditioiu  Tlie  gentlenen  here  ttightcd,  and  walking  into  the 
hollow,  found  it  very  ples^ant,  abounding  with  many  trees  that  sent 
forth  an  odoriferous  smell ;  and  near  the  bosses  were  some  6e!dti  of 
maize,  or  Indian  com*  i 

Mounting  again,  they  travelled  for  some  time  up  a  steep  road,  and 
reached  the  woods  and  clouds  just  as  it  grew  dark.  They  could  not 
miss  ibeir  way,  the  road  being  bounded  on  both  sides  with  trees  or 
bushes,  which  were  chiefly  laurel,  savine,  and  bni^*wood.  Having 
travelled  about  a  mile,  they  came  to  the  upper  edge  of  tl)^  wood, 
above  the  clouds,  where  alighting,  they  made  a  fire,  and  supped ; 
soon  aAer  which  they  lay  down  to  sleep  under  the  bushes. 

yVbout  half  an  hour  after  ten,  the  moon  shining  bright,  tliey 
mounted  again,  travelling  slowly  two  hours,  through  an  exceedhig 
bad  rqad,  resembling  the  ruins  of  stone  buildings,  scattered  over  the 
fields.  After  they  had  got  out  of  this  road,  they  came  upon  small 
light  pumice-stone,  like  shingle ;  upon  which  they  rode  at  a  pretty 
good  pace  for  near  an  hour.  The  air  now  began  to  be  very  sharp, 
cold,  and  piercing.  Their  guide  advised  them  to  alight  here,  as  the 
place  was  convenient,  and  rest  till  four  or  five  in  the  morning.  To 
this  they  agreed,  and  entered  a  cave,  the  mouth  of  which  was  built 
up  to  about  a  man's  height,  to  exclude  the  cold.  Here  they  found 
some  dry  withered  retamas,  which  was  the  only  shrub  or  vegetable; 
with  these  they  made  a  great  fire,  and  then  fell  asleep ;  but  were 
soon  awaked  by  an  itching  occasioned  by  a  cold  thin  air,  want  of 
comfortable  lodgment,  and  sleeping  in  their  cloaths ;  bnt  although 
they  lay  so  near  the  fire  that  one  side  was  almost  scorched,  yet  the 
other  was  benumbed  with  cold. 

At  about  five  in  the  morning  they  mounted  again,  and  travelled 
slowly  about  a  mile;  for  the  road  was  rather  too  steep  for  travelling 
quick  on  horseback,  and  their  beasts  w^re  become  fatigued.  At  last 
they  came  among  soose  great  loose  rocks,  where  was  a  kind  of  cot- 
tage built  of  ioose  stones,  called  La  Estantia  de  los  Ingleses,  or  the 
English  baiting- place,  probably  from  some  of  the  English  resting 
here  on  their  way  to  visit  the  peak ;  for  none  take  that  journey  but 
foreigners,  and  some  poor  people  who  earn  their-  bread  by  gathering 
brimstone.  Here  they  again  alighted,  the  remainder  ef  their  way 
being  too  steep  for  riding,  and  left  the  servant  to  look  after  th^s 
horses,  while  they  proceeded  on  their  journey.    They  walked  hard 
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to  get  themselves  a  beat,  but  were  soon  fotigued  by  the  steepness 
of  the  road,  which  was  loose  and  sandy.  On  their  reaching  the 
top  of  this  hiil,  they  came  to  a  prodigious  number  of  large  and 
loose  rocks  or  stones,  whose  surfaces  were  flat,  and  each  of  them 
on  a  medium  about  ten  feet  every  way.  This  road  was  less  steep 
than  the  other ;  but  they  were  obliged  to  make  many  circuits  to 
avoid  the  rocks. 

Here  is  the  famous  cave  of  Teyde,  which  is  surrounded^  or  rather 
buried,  on  all  sides  by  large  volcanic  rocks,  which  the  Spaniards  call 
mal'Payses.  The  cave  is  about  fifteen  feet  wide  at  the  entrance, 
but  its  extremity.  Dr.  Heberden  says,  he  could  i^ot  discover.  Here 
too  is  the  grand  reservoir  of  snow,  whence  tl|f^se  islanders  are  sup* 
plied,  when  their  common  reservoirs,  which  furnish  snow  for  cooling 
their  liquors,  fail  them.  Mr.Glas  and  his  company  entered  it^ 
They  found  the  water  so  excessively  cold  that  it  could  not  be  drunk. 
After  travelling  about  a  quarter  or  half  a  mile  upon  the  great  stones, 
they  reached  the  bottom  of  tlie  real  peak  or  sugar*loaf,  which  is  ex- 
ceeding steep,  and  the  difficulty  of  ascending  was  increased,  and 
rendered  more  fatiguing,  by  the  ground  being  loose,  and  giving  way 
under  their  feet ;  for  though  this  eminence  is  not  above  half  a  mile 
in  height,  they  were  obliged  to  stop  and  t^ke  breath  near  thirty 
times ;  and  when  they  at  last  reached  the  top,  being  quite  spent  with 
fatigue,  they  lay  about  a  quarter  of  an  hour  to  rest  themselves  and 
recover  their  breatli. 

When  they  left  the  Englbh  pitching-place  in  the  morning,  the  sun 
was  just  emerging  from  the  clouds,  which  were  spread  under  them, 
at  a  great  dbtance  below,  and  appeared  like  the  ocesMi*  Dr.  Heber- 
den says,  ''  a  sea  of  ash-coloured  clouds  appeared  below."  Above 
the  clouds,  at  a  vast  distance  to  the  north,  they  perceived  something 
black,  which  they  imagined  to  be  the  top  of  the  island  of  Madeira, 
and  taking  the  bearings  of  it  by  a  pocket  compass,  found  it  to  be  ex- 
actly in  the  direction  of  that  island  from  Tenerifle ;  but  before  they 
reached  to  the  top  of  the  peak  it  disappeared.  From  this  spot  they 
saw  the  top  of  the  islands  of  Gran  Canaria,  Hiero,  Palma,  and  Go- 
mera,  which  seemed  to  be  quite  near,  but  could  neither  perceive 
Lancerota  nor  Fuertaventura,  they  being  not  high  enough  to  pierce 
the  clouds. 

The  top  of  the  peak  is  about  an  hundred  and  forty  yard»ia  lengtli. 
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wd  an  hundred  and  ten  io  breadth.  It  is  hollow^  and  shaped  like  9 
beii  with  the  mouth  upward,  says  Mr.  Gias. .  Dr.  Heberdea  de- 
acribes  it  as  resembling  a  truncated  cone  with  its  base  uppermost. 
These  two  travellers  differ  widely  as  to  the  depth  of  the  crater,  which 
the  natives  call  caldera,  the  (irst  calling  it  forty  yards  to  the  bottom, 
the  latter  saying  it  is  about  twelve  or  fifteen  feet  deep.  This  cal« 
dera  or  cauldron  is  nearly  circular,  its  diameter  about  forty  fathom* 
The  ground  is  very  hot,  and  from  near  twenty  spuracuia,  a«  from  so 
many  ~chimnies>  a  smoke  or  vapour  arises,  which  is  of  a  strong  sul- 
phureous smell*  The  whole  soil  seemed  mixed  or  powdered  wilh 
brimstone,  which  formed  a  beautifully -colon  red  surface.  There  is 
one  of  the  rocks  whic||  forms  a  kind  of  vault  or  niche,  agamst  which 
the  vapours  condensing,  produce  what  the  inhabitants  call  axiufre  cLs 
goia,  or  dcop*brimrtone.  On  observing  some  spots  of  earthy  or 
soA  clay,  Mr.Glas's  company  tried  the  heat  with  tlieir  fingers, 
but  could  not  thru&t  them  in  farther  than  half  an  inch,  for  the 
deeper  they  penetrated  the  hotter  they  felt  it.  They  then  took 
their  guide's  staff,  and  thrust  it  about  three  inches  deep  into  a 
hole  or  porous  substance,  where  the  smoke  seemed  thickest,  and 
having  held  it  there  about  a  minute,  drew  it  out,  and  found  it 
burned  to  charcoal. 

From  this  spot  the  clouds  beneath  them,  which  were  at  a  great 
distance,  made  a  very  ejitraordinary  appearance  :  they  seemed  like 
the  ocean,  only  the  surface  was  not  quite  so  blue  and  smooth,  but 
h$Kl  the  resemblance  of  white  wool ;  and  where  this  cloudy  ocean, 
as  it  may  be  called,  touched  the  mountain,  it  seemed  to  foam  like 
billows  breaking  on  the  slmre.  When  they  ascended  through  the 
clouds  it  was  dark ;  but  when  they  afterward  mounted  again,  be* 
tween  im  and  eleven  o'clock,  and  the  moon  shone  bright,  the  clouds 
were  then  below  them,  and  about  a  mile  distant.  They  then  mis- 
took them  for  the  ocean,  and  wondered  to  see  it  so  near,  nor  did 
they  discpver  thejr  mistake  till  the  sun  arose.  When  in  descending 
from  the  peak,  they  passed  tlirough  the  clouds,  they  appeared  as  ^, 
thick  fog  or  mist,  resembling  those  frequently  seen  in  England :  all 
the  trees  of  the  wood,  and  their  clothes  were  wet  with  them. 

On  the  top  of  the  peak  the  air  was  thin,  cold,  ai^  piercmg,  like 
the  south-easterly  winds  felt  in  the  great  desert  of  Africa.  In  ascend- 
ing the  sugar-loaf,  which  is  very  steep,  and  covered  with  snow  the 
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greatest  part  of  tbe  year,  tlieir  hearts  panted  and  beat  viokatly,  and, 
as  bath  been  already  observed,  they  were  obliged  to  resl  about  thirty 
times  to  take  breath  ;  aud  this  was  probably  as  much  owiitg  to  the 
thinness  of  the  air  causing  a  didiculty  of  respiration,  as  to  the  un- 
common fatigue  they  suffered  in  climbing  the  hill.  Their  guide^ 
who  was  a  thin,  active  old  man,  was  far  from  being  affected  in  the 
same  manner,  but  climbed  up  with  ease  like  a  goat ;  for  he  was  one 
of  tbe  poor  men  who  earn  their  living  by  gathering  brimstone  in  the 
cauldron,  and  other^volcanoes,  the  peak  itself  being  no  other,  though 
it  has  not  burned  for  some  years-;  for  the  sugar-loaf  is  entirely  com? 
posed  of  earth  mixed  with  ashes  and  calcined  stones,  thrown  from 
the  bowels  of  the  earth,  and  the  great  square»8tones  before  described 
were  probably  thrown,  in  some  eruption,  out  of  the  cauldron,  or 
hollow  of  the  peak,  when  it  was  a  volcano. 

Having  surveyed  every  thing  worthy  of  notice,  they  descended  to 
the  place  where  they  had  left  their  horses,  which  took  them  up  only 
half  an  hour,  though  they  were  about  two  hours  and  a  half  in 
ascending.  It  was  then  about  ten  in  the  morning,  and  the  sun  shone 
so  exceedingly  hot,  that  they  were  obliged  to  take  shelter  in  the 
cottage,  and,  being  extremely  fatigued,  laid  themselves  down  to- 
slee]> ;  but  the  cold  was  so  intense  in  the  shade,  that  they  could  not 
close  their  eyes,  and  they  were  obliged  to  kindle  a  fire  to  rendeif 
their  situation  supportable. 

They  were  then  enabled  to  take  some  repose ;  after  which  they 
mounted  their  horses  about  noon,  and  descending  by  the  same  way 
they  went  up,  came  to  some  pines,  situated  about  two  miles  above 
the  clouds.  Between  these  pines  and  the  peak  no  herb,  shrub,  tree; 
or  grass  can  grow,  except  the  before-mentioned  ratamas.  At  about 
five  in  the  evening  they  arrived  at  Oratava,  not  having  ahghted  by 
the  way  to  stop,  only  sometimes  to  walk  where  the  road  was  too 
steep  for  riding. 

It  should  seem  that  Mr.  Glas  made  his  journey  jip  the  mountain 
rather  too  late  in  the  season  ;  for  Mr.  Anderson,  who  was  surgeon 
ou  board  the  Resolution,  in  Captain  Cook's  third  voyage  round  the 
world,  was  assured,  when  here,  that  no  person  can  live  comfortably 
within  a  mile  of  the  perpendicular  height  of  tbe  peak  after  the  month 
of  August.  Dr.  Heberden  made  his  journey  in  the  month  of  Fet 
bruary. 

The  whole  dbtance  they  rode  in  the  five  hours  spent  in  coming 
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down  from  the  JBnglish  pitching-place  to  Orotava,  they  computed  to 
be  about  fifteen  English  miles,  travelling  at  the  rate  of  about  three 
miles  an  hour.  Mr.  Glas  supposes  the  perpendicular  height  of  the 
Euglisli  pitchiiig-place  to  be  about  four  English  miles,  and  adding 
to  that  a  mile  of  perpendicular  height  from  it  to  the  peak,  ob- 
serves, that  the  whole  will  be  about  five  English  miles,  and  that  he 
is  very  certain  he  cannot  be  mistaken  in  this  calciil-dtion  above  a  mile 
either  way ;  but  this  is  merely  conjectural,  being  founded  on  no 
solid  data.  Dr.  Heberden,  who  was  provided  with  proper  instru- 
ments to  ascertain  its  height,  and  has  made  the  nicest  observations 
at  three  different  times,  found  it  to  be  2566  fathoms,  or  15,396 
English  feet,  above  the  level  of  the  sea,  which  is  only  148  yards  less 
than  three  miles,  reckoning  the  mile  at  1^60  yards  :  but  the  Cheva- 
lier de  Borda,  w  ho  measured  the  height  of  this  i^ountain  in  the  year 
1776,  makes  it  to  be  only  1931  toises,  or  123^0  English  feet.  Capt. 
Cook,  in  his  first  voyage,  describes  the  appearance  of  this  mountain, 
when  viewed  from  the  sea  at  sun-set,  as  very  striking ;  for  when  the 
sun  was  below  the  horizon,  and  the  rest  of  the  island  appeared  of  a 
deep  black,  the  mountain  still  reflected  his  rays,  and  glowed  with  a 
warmth  of  colour  which  no  painting  can  express.  Mr.  Willianj  An- 
derson, already  mentioned,  says  of  the  peak  of  Teneriffe,  "  It  is  cer- 
tainly far  from  equalling  the  noble  figure  of  Pico,  one  of  the 
Western  Islands,  though  its  perpendicular  height  may  be  greater. 
This  circumstance  perhaps  arises  from  its  being  surrounded  by  otlier 
high  hills,  whereas  Pico  stands  without  a  rival. 

Though  the  body  of  the  mountain  is  covered  with  clouds,  the  peak 
is  generally  seen  above  them,  quite  clear,  but  sometimes  the  contrary 
happens,  the  whole  body  of  the  mountain  being  without  a  cloud, 
and  only  the  summit  of  the  peak  covered  with  a  thick  white  cloud,  as 
with  a  cap.  •*  This,"  says  Dr.  Heberden,  *•  is  often  observed  in  the 
finest  weather,  and  the  Spaniards,  on  this  occasion,  say,  "  El  pico 
tienesu  somhrerillo  puesio.  The  peak  has  put  his  little  baton  ;*'  and  the 
look  on  it  as  a  certain  sign  of  rain.  The  doctor  says  farther,  that 
during  the  six  or  seven  vears  that  he  lived  in  the  villa  of  Orotava, 
where  he  had  a  continual  sight  of  the  peak,  he  never  remembered  one 
instance  in  which  the  prediction  of  rain  failed.  When  Sir  Joseph 
Banks  visited  this  island,  the  doctor  presented  him  with  some  salt^ 
which  he  collected  at  the  top  of  the  mountain,  which  he  supposes  lo. 
\)e  the  true  aatrum,  or  nitrum,  of  the  ancients. 
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section  iv. 
Volcanoes  of  the  Isle  of  Bourbon. 

The  face  o^  the  Isle  of  Bourbon  or  Reunion  is  pecuHarljf 
volcanic,  and  studded  with  masses  of  basaltic  columns,  of  various 
fonns  and  directions.  M.  Bory  has  given  an  interesting  and  pic- 
turesque description  of  these,  in  his  "  Voyage  dans  les  quatres 
principales  Isles  des  Mers  d'Afrique,"  printed  at  Paris  1804,  in 
5  vols.  8vo,  The  principal  summit  of  the  volcano  is  allowed  to  re- 
tain the  appellation  of  Mas  car  enhas,  after  the  name  of  the  Portuguese 
admiral  by  whom  the  island  was  first  discovered.  **  The  small  hill," 
says  M.  Bory,  "  at  the  basis  of  which  we  were  now  arrived,  after  so 
much  fatigue,  is  about  a  hundred  and  sixty  feet  in  height.  It  did  not 
appear  to  us  truncated^  and  we  soon  climbed  it,  though  the  sides 
be  very  steep,  so  as  to  form  with  the  horizon  an  angle  of  more  than 
eighty  degrees.  They  are  composed  of  little  currents  of  glassy 
scotm,  spongy,  very  light  and  brittle,  and  exteriorly  of  a  brown  co- 
lour, with  metallic  or  red  reflections  from  the  pores.  This  volcanic 
sub^tatice  is  easily  broken  with  the  fingers,  and  reduced  to  brilliant 
dust,  which  resembles  aventurine.  From  the  top  of  the  Piton  we 
perceived,  on  the  right  and  the  left,  parts  of  the  circumference  of 
two  immense  craters,  which  induced  us  to  call  this  the  central  hill* 
The  access  of  this  central  hill  is  nearly  perpendicular ;  and  on  the 
summit  is  a  round  hole  about  forty  fathoms  in  diameter,  and  eighty 
feet  in  depth.  The  bottom  of  this  crater  was  filled  with  fragments 
of  greyish  lava,  piled  without  any  order,  while  the  sides  were  very 
thin  and  much  scorified  on  the  outside ;  and  were  not  covered  with 
^ny  sort  of  varnish,  nor  with  that  lava  in  tears  or  drops,  which  in 
general  clothe  the  other  vents,  't'hey  are  formed  of  confused  frag- 
ments of  different  hard  and  grey  lavas,  compact,  or  porous.  From 
sotqe  tents  there  arose  light  vapours,  leaving  yellow  traces  of  sub- 
limated sulphur,  on  the  spots  exposed  to  their  contact.  At  one 
place,  where  a  projecting  rock  formed  a  cornice,  stopping  for  a  while 
one  of  these  cords  of  vapour,  it  was  dissolved  in  drops  of  water  to  a 
considerable  quantity; 

**  in  general  a  very  false  idea  is  formed  of  volcanoes,  and  many 
works  which  pretend  to  describe  them,  paint  them  very  different  from 
wfuit  Ibej  are.    If  we  beiieiF«i  oHuiy  travellers,  on  the  brink  of  a 
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crater,  the  eye  cannot  without  terror  penetrate  the  vast  depth*  As, 
before  I  had  seen  volcanoes,  I  was  persuaded  that  their  chief  focus 
mas  not  their  summit,  and  that  the  substances  which  they  eject  were 
conveyed  from  a  great  depth,  I  believed  that  the  vents  of  a  buniiog 
mountain  were  immeasurable  precipices.  I  had  not  yet  reflected 
that  when  an  eruption  happens  lava  must  remain  in  the  interior  of 
the  crater,  forming  a  solid  bottom  when  the  volcano  ceased  to 
burn,  and  which  is  broken  by  the  following  eruptions. 

''  Meanwhile  we  asked  each  other  whence  the  sulphureous  va- 
pours could  proceed,  which  annoyed  us  from  time  to  time,  and 
sought  to  guess  what  could  produce  the  noise  we  heard,  when  one 
of  our  company,  who  had  advanced  towards  the  left,  stopped  short 
with  strong  signs  of  terror.  On  hearing  his  inarticulate  cries,  I 
imagined  that  he  must  see  some  extraordinary  object,  which  he  could 
not  find  words  to  express.  The  negroes  around  him  stood  petrified. 
I  advanced,  and  at  the  sight  of  a  wonderful  spectacle  very  difficult 
to  describe,  I  was  seized  with  amazement  in  my  turn,  and  could  not 
explain  my  sensations.  At  cur  feet,  from  the  bottom  of  an  elliptic 
abyss  formed  like  a  tunnel  of  vast  extent,  and  of  which  the  sides  of 
burnt  \2L%si  threatened  a  speedy  ruin,  issued  two  contiguous  gerhes, 
or  perpendicular  spouts,  like  a  Chinese  tree  in  artificial  fire-works ; 
but  here  the  fiery  matter  seemed  like  tumultuous  waves,  darted  to  the 
height  of  more  than  a  hundred  twenty  feet,  dashing  against  each  other 
with  a  bloody  light,  in  spite  of  the  splendour  of  au  unclouded  sun. 

*'  One  of  these  fiery  spouts  was  perpendicular,  while  the  other 
somewhat  oblique  seemed  at  intervals  to  diminish  or  increase. 
Rocks  not  yet  melted,  in  sharp  fragments,  distinguishable  on  the 
purple  of  the  burning  waves  by  their  deep  black  hue,  were  pushed 
with  violence  from  amidst  the  melted  matter  iu  which  they  had 
passed  from  the  cavities  of  the  mountain,  and  fell  with  great  noise, 
deseribhig  a  long  parabola.  A  continual  noise,  resembling  that  of 
a  vast  cataract,  accompanied  this  majestic  scene,  which  filled  the 
soul  at  once  with  terror  and  admiration.'* 

The  account  of  several  eruptions  of  this  grand  volcano  is  also 
interesting.  The  lava  sometimes  give  indications  of  containing 
ibineral  alkali.  In  the  eruption  of  1800,  the  lava  fell  in  three  tor- 
rents  into  a  ravine,  about  eighty  feet  in  depths  forming  a  horrible 
cascade,  the  middle,  or  hottest  torrent  being,  by  the  account  com- 
municated to  M.Bory,  as  fluid  as  water,  while  the  two  others 
seemed  to  have  the  coosisteuce  of  honey.    Whetl  the  lava  joined 
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the  sea,  the  scietie  was  tremendous,  but  there  is  no  hint  of  an; 
appearance  of  basaltic  cohimns.  The  spouts  of  fire  often  produce 
the  phenomenon  of  cords  of  lava,  twisted  iu  different  directions. 

[Phii.  Tram.  Ceok,  De  Borda.  Glas.  Sort/.] 


CHAP.  XV. 

AMERICAN    VOLCANOES. 
SECTION    !• 

Volcanoes  of  Mexico: 

We  shall  now  proceed  to  a  brief  notice  of  the  chief  volcanoes  of 
the  American  continent,  and  shall  commence  with  the  northern  side 
of  the  isthmus. 

The  very  singular  territory  of  Mexico^  or  New  Spain,  contains 
numerous  volcanoes  of  a  powerful  and  extraordmary  characte/*.  Not 
fewer  than  twenty*one  are  laid  down  on  the  maps,  from  that  of  So« 
conusco,  in  the  north,  to  that  of  Vara  in  the  south.  They  are  all 
in  the  south  western  coast ;  and  after  -a,  considerable  interval,  re^ 
emerge  towards  tlie  eastern  coast  in  the  vicinity  of  the  city  of  Mexico. 
The  principal  are  those  of  Orizava,  Popacatepec,  Istaccihuath,  Has* 
cala,  Tentzon,  Toloccam,  and  above  all  Jorullo,  or  XuruUo. 

The  volcano  of  Orizaba,  or  as  Clavigero  writes  it,  Pojauhtecat)^ 
began  to  send  forth  smoke  in  1545,  smd  continued  its  emis^ons  for 
twenty  years,  when  it  ceased,  and  has  not  since  renewed  them.  This 
celebrated  mountain  lies  sixty  miles  to  the  south-east  of  the  <^ty  of 
Mexico,  not  far  from  the  road  to  Vera  Cruz.  According  to 
D'Auteroche»  it  is  the  loftiest  m  the  Spanish  territory ;  and  acoovdiiig 
to  Grage,  as  high  as  the  highest  of  the  Alps.  Its  suvimit  is  visible 
from  the  capital,  and  is  covered  with  perpetual  snow,  yet  its  sides 
are  adorned  with  forests  of  large  cedars»  pines^  and  other  taliiaUe 
and  picturesque  trees. 

The  detached  mountains,  called  by  the  Mexicans  Popa<iUapie(;^i)d 
IsBtaccihiiatl,  but  by  tlie  Spaniards  Sierra  Nevada  [the  Snowy  ridgf] 
in  the  neighbourhood  of  each  other»:  lie  also  to  the  south^^t.^ 
Mexico,  at  about  thirty  miles  distant*    The  crater  of  the  former. 
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Clavigero  makes  more  than  half  a  mile  wide;  but  though  acli^ 
formerly,  it  has  not  emitted  flames  of  late.  In  the  last  centurj* 
however,  it  still  continued  to  emit  flames  and  ashes,  the  last  of 
which  overspread  the  country  to  a  considerable  extent.  Iztaccihuath 
appears  to  have  been  exhausted  for  a  longer  period  than  the  pre^ 
ceding.  Both  these  mountains,  like  Orizava,  have  their  summits 
covered  with  perpetual  snow,  in  such  quantities  as  to  supply  the  me- 
tropolis and  the  adjacent  country  for  forty  miles  round,  as  an  article 
of  luxury  to  the  wealthy. 

All  the  others  we  have  enumerated  tiave  been  quiescent,  perhaps 
immemoriallyy  except  JoruUo,  which  is  the  most  singular  of  the 
whole  3  and  whose  history,  therefore,  we  shall  give  more  at  large 
from  the  very  interesting  account  of  it,  lately  published  by  M. 
Humboldt. 

*•  The  grand  catastrophe,**  says  he, "  in  which  this  volcanic  moun- 
tain issued  from  the  earth,  and  by  which  the  face  of  a  considerable 
lixtent  of  ground  was  totally  altered,  was  perhaps  one  of  the  most 
^extensive  physical  changes,  that  the  history  of  our  globe  exhibits. 
Oeblogy  points  out  s|K>ts  in  the  ocean^  where,  within  the  last  two 
years,  .volcanic  islets  have  atisen  above  the  surface  of  the  sea,  as 
near  the  Azores,  in  the  Archipelago,  and  on  the  south  of  Icelaud  i 
but  it  records  no  instance  of  a  mountain  of  scorifle  and  ashes,  5{7 
met.  [563  yards]  above  the  old  level  of  the  neighbouring  plains,  sud^ 
denly  formed  in  the  centre  of  a  thousand  small  burning  cones>  thirty- 
>ix  leagues  from  the  shore,  and  forty*  two  leagues  from  any  other 
volcano^  This  phsenomeuon  remained  Unknown  to  the  mineralogists 
and  natumd  philosophers  of  Europe,  though  it  took  place  but  fifty 
years  ago,  and  within  six  days  journey  of  the  capital  of  Mexico. 
.  "  Dec^nding  from  the  central  flat  towards  the  coasts  of  the  Pacific 
ocean.  It  vM  plain  extends  from  the  hills  of  Aguasarco  to  the  vil- 
lages of  Toipa,  addPatatlan,  equally  celebrated  for  their  fine  cotton 
plantations.  Between  the  picachos  del  Mortero  and  the  cerras  de 
las  CUevas  and  de  Cuiche,  this  plain  is  only  from  750  to  800  met. 
[820  to  880  yards]  above  the  level  of  the  sea.  Basaltic  hills  rise  iif 
the  midst  of  a  country,  in  which  porphyry  with  base  of  green-stone 
predominates.  Their  summits  are  crowned  with  oaks  always  in  ver^^ 
dure,  and  the  foliage  of  laurels  and  olives  intermingled  with  dwarf 
fail  palms.  This  beautiful  vegetation  forms  a  singular  contrast  with 
the  arid  plaisi  which  has  been  laid  waste  by  volcanic  fire* 
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*.  To  the  middle  of  the  eighteenth  century  fields  of  sugar-canes  and 
ifidigo  extended  between  two  rivulets^  called  Cuitiiuba  and  San  Pedro. 
They  were  skirted  by  basaltic  mountains,  the  structure  of  which  seems 
to  indicate^  that  all  the  country,  in  remote  periods,  has  several 
times  experienced  the  violent  action  of  volcanoes.  These  fields,  ir« 
rigated  by  art,  belonged  to  the  estate  of  San  Pedro  de.  Jo* 
ruUo,  or  XoruUo,  ode  of  tb^  largest  and  most  valuable  in  the 
country.  In  the  month  of  June,  1/59,  fearful  rumbling  noises 
were  accompanied  with  frequent  shocks  of  an  earthquake,  which 
succeeded  each  other  at  intervals  for  fifty  or  sixty  days,  and  threw 
the  inhabitants  of  the  .estate  into  the  greatest  consternation.  From 
the  beginning  of  the  month  of  September,  every  thing  seemed  per* 
fectly  quiet,  when  in  the  night  of  the  28th  of  that  month  a  terrible 
subterranean  noise  was  heard  anew.  The  frightened  Indians  fled 
to  the  mountains  of  Aguasarco.  A  space  of  three  or  four  square 
miles,  known  by  the  name  of  Malpays,  rose  in  the  shape  of  a  blad- 
der. The  boundaries  of  this  rising  are  still  distinguishable  in  the 
ruptured  strata.  The  Malpays  towards  the  edge  is  only  12  met. 
[IS  yards]  above  the  former  level  of  the  plain,  called  las  playas  de 
Jorullo ;  but  the  convexity  of  the  ground  increases  progressively 
towards  the  centre,  till  it  reaches  the  height  of  l60  met[175 
yards.] 

They  who  witnessed  this  grand  catastrophe  from  the  top  of  Agua« 
sarco  assert,  that  they  saw  flames  bsue  out  of  the  ground  for  the 
space  of  more  than  half  a  league  square  ;  that  fragments  of  red  hot 
rocks  were  thrown  to  a  prodigious  height ;  and  that  through  a 
thick  cloud  of  ashes,  illumined  by  the  volcanic  fire,  and  resembling 
a  stormy  sea,  the  softened  crust  of  the  earth  was  seen  to  swell  up. 
The  Hvers  of  Cuitimba  and  San  Pedro  then  precipitated  themselves 
into  the  burojuig  crevices.  The  decomposition  of  the  water  contri- 
buted to  reanimate  the  flames»  which  were  perceptible  at  the  city  of 
Pascuoro,  though  standing  on  a  very  wide  plain  1400  niet.  [1530 
yards]  above  the  level  of  the  playas  de  Jorullo.  Eruptions  of  mud, 
partkularly  of  the  strata  of  clay  including  decomposed  nodules  of 
basaltes  with  concentric  layers^  seem  to  prove,  that  subterranean 
waters  had  no  small  part  in  this  extraordinary  revolution.  Thousands 
of  small  coues^  only  two  or  three  yards  high,  which  the  Indians 
call  ovens,  issued  from  the  raised  dome  of  the  Malpays.  Though 
the  heat  of  these  volcanic  ovens  has  diminished  greatly  withm  these 
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fifteen  years,  tccordiug  to  the  testimony  of  the  IndiunSy  I  found  the 
thermometer  rbe  to  QS^  [if  centig.  203''  F.]  in  the  crevices  that  emitted, 
to  aqueous  vapour.  Each  little  cone  is  a  chimney,  from  which  a 
thick  smoke  rises  to  the  height  often  or  fifteen  met.  [1 1  or  10  yards]. 
In  several  a  subterranean  noise  b  heard  like  that  of  some  fluid  boiling 
at  no  great  depth. 

Amid  these  ovens,  in  a  fissure,  the  direction  of  which  is  from 
N.  N.  £.  to  S.  S.  E.,  six  large  hummocks  rise  400  or  500  met. 
[440  or  550  yards]  above  the  old  level  of  the  plain.  This  is  the 
phenomenon  of  Monte  Novo  at  Naples  repeated  several  times  in  a 
row  of  volcanic  hills.  The  loftiest  of  these  huge  hummocks,  which 
reminded  me  of  the  district  of  Auvergue,  is  tlie  larjje  volcano  of 
Jorullo.  It  is -constantly  burning,  and  has  thrown  out  on  the  north 
aide  an  immense  quantity  of  scorified  and  basaltic  lava,  including 
fragmeuti  of  primitive  rocks.  These  grand  eruptions  of  the  central 
volcano  continued  till  February  1760.  In  the  succeeding  vears 
they  became  gradually  less  frequent.  The  Indians,  alaniied  by  the 
horrible  noise  of  the  new  volcano,  at  first  deserted  the  villages  for 
€even  or  eight  leagues  round  the  plain  of  Jorullo.  In  a  few  moiitlts 
they  became  familiar  with  the  alarming  sight,  returned  to  their  huts, 
and  went  down  to  the  mountains  of  Aguasarco  and  Santa  Ines,  to 
admire  the  sheaves  of  fire  thrown  out  by  an  infinite  number  of  large 
and  small  volcanic  openings.  The  ashes  then  covered  the  houses  of 
Queretoro,  more  than  48  leagues  [120  miles]  in  a  ri<;ht  line  from  the 
phice  of  the  explosion.  Tliough  the  subterranean  fire  appears  to  be 
in  no  great  activity  •  at  present,  and  the  Malpays  and  the  great  vol- 
cano begin  to  be  covered  with  vegetables,  we  found  the  air  so 
heated  by  the  little  ovens,  that  in  the  sliade,  and  at  a  ronsiderable 
distance  firom  the  ground,  the  thermometer  rose  to  AS"  (10()*4°F;, 
This  fact  evinces,  that  there  is  no  exaggeration  in  the  report  of  some 
^f  the  old  Indians,  who  say,  that  the  plains  of  Jorullo  were  umnha* 
bitable  for  several  years,  and  even  to  a  considerable  distance  from  t!ie 
ground  raised  np,  on  account  of  the  excessive  heat. 


*  In  die  bottom  of  the  crater  we  found  the  beat  of  the  air  47°  {;il6'6°i'\] 
and  in  some  places  58°  and  00*  [  136-4**  and  140°] .  We  bad  to  pass  over  crai  ks 
exhaling  sulpliurous  vaiiours,  in  which  the  thermometer  rose  to  8b'*  [185"]. 
From  these  cracks,  and  the  heaps  of  ncoriae  that  cover  considerable  hoHow*, 
the  descent  into  the  crater  is  not  without  danger. 
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Near  the  cerro  of  Santa  Ines  the  traveller  is  still  shewn  the  channels 
of  Cuitiraba  and  San  Pedro,  the  limpid  waters  of  which  formerly  re- 
freshed the  sugar-canes  on  the  estate  of  Don  Andrew  Pimental. 
These  springs  were  lost  in  the  night  of  the  29th  of  September,  I759  : 
but  2p00raet.  (near  2200  yards)  to  the  westward,  in  the  soil  that  has 
been  elevated,  two  rivulets  are  seen  to  break  out  of  the  clayey  dome 
of  the  furnaces,  exhibiting  tliemselves  as  thermal  waters,  in  which 
the  thermometer  rises  to  527®(126*86°F.)  The  Indians  still  give 
these  the  names  of  San  Pedro  and  Cuitimba,  because  in  several  parts 
of  the  Malpays  large  bodies  of  water  are  supposed  to  be  heard  run* 
ning  from  east  to  west,  from  the  mountains  of  Santa  Ines  to  the  es- 
tate of  the  Preseutation.  Near  this  estate  is  a  brook  that  emits 
sulphuretted  hydrogen  gas  :  it  is  more  than  7  met.  (near  8  yards) 
wide,  and  is  the  most  copious  hidrosulphurous  spring  I  ever  saw. 

In  the  opinion  of  the  natives  these  extraordinary  changes  I  have 
described,  tlie  crust  of  earth  rabed  and  cracked  by  volcanic  fire> 
the  mountains  of  scorise  and  ashes  hes^ed  up,  are  the  works  of 
monks;  the  greatest,  no  doubt,  they  ever  produced  in  either  he* 
juisphere.  Our  Indian  Tiost,  at  the  hut  we  inhabited  intheplamof 
JoruUo,  told  us,  that  some  missionary  capuchins  preached  at  the 
estate  of  San  Pedro,  and,  not  meeting  a  favourable  reception,  ut« 
tered  the  most  horrible  and  complicated  imprecations  against  this 
plain,  then  so  beautiful  and  fertile.  They  prophesied,  that  the  es- 
tate should  first  be  swallowed  up  by  flames  issuing  out  of  the  bowels 
of  the  earth  ;  and  that  the  air  should  afterward  be  cooled  to  such 
a  degree,  that  the  neighbouring  moimtains  should  remaui  for  ever 
covered  with  ice  and  snow.  The  first  of  these  maledictions  having 
been  so  fatally  verified^  the  common  peoj[^e  foresee  in  the  gradual 
cooling  of  the  volcano  the  presage  of  a  perpetual  winter.  I  have 
thougiit  it  right  to  mention  thb  vulgar  tradition,  worthy  a  place  in 
the  epic  poem  of  the  Jesuit  Landivar,  because  it  exhibits  a  striking 
feature  of  the  manners  and  prejudices  of  these  remote  countries. 
It  shews  the  active  industry  of  a  class  of  men,  who,  too  frequently 
abusing  the  credulity  of  the  people,  and  pretending  to  possess  the 
power  of  suspending  the  immutable  laws  of  nature,  know  how  to 
avail  themselves  of  every  event  for  establishing  theur  empire  by  thct 
fear  of  physical  evil. 

The  situation  of  the  new  volcano  of  Jorullo  leads  to  a  very  .cu« 
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riotii  geological  observation.  It  b  well  known  to  geographers, 
that  there  fa  b  Mew  Spain  a  Ime  of  great  heights^  or  a  nar- 
row cone  included  between  the  latitudes  of  18o5SKand]9^  12^ 
in  which  are  all  the  summits  of  Anahuac  that  nse  above  the  region 
of  perpetual  snow.  These  summits  are  either  volcanoes  still  actually 
burning ;  or  mountains,  the  form  of  which,  as  well  as  the  nature  of 
their  rocks,  renders  it  extremely  probable,  that  they  formerly  con- 
tained subterranean  fire.  Setting  out  from  the  coast  of  the  Gulf  of 
Mexico,  and  proceeding  westward,  we  find  the  peak  of  Oribaza,  the 
two  volcanoes  of  la  Puebla,  the  Nevado  de  Teluca,  the  peak  of 
Tancitaro,  and  the  volcano  of  Colima.  These  great  heights,  instead 
of  forming  the  ridge  of  the  cordillera  of  Anahuac,  and  following  its 
direction,  which  fa  from  S.  E.  to  N.  W.  are  on  the  contrary  in  a  line 
perpendicular  to  the  axfa  of  the  great  chain  of  mountains.  It  is  cer- 
tainly worthy  of  remark,  that  in  the  year  17^9  the  new  volcano  of 
JoruUo  was  formed  m  the  continuation  of  this  line^  and  on  the  same 
parallel  as  the  ancient  Mexican  volcanoes. 

A  view  of  my  plan  of  the  environs  of  JoruUo  will  shew,  that  the 
six  large  hummocks  have  risen  out  of  the  earth  on  a  vein  that  crosses 
the  plain  from  the  cerro  of  las  Cuevas  to  the  pichaco  del  Montero^ 
The  new  mouths  of  Vesuvius  too  are  found  ranged  along  a  fissure. 
Do  not  these  analogies  give  us  reason  to  suppose,  that  there  exists  in 
this  part  of  Mexico,  at  a  great  depth  with'm  the  earth,  a  fissure 
stretching  firom  east  to  west  through  a  space  of  13?  leagues  [343 
miles],  and  through  which  the  volcanic  fire  has  made  its  way  at  dif- 
ferent times,  bursting  the  outer  crust  of  porphyritic  rocks,  from  the 
coast  of  the  Gulf  of  Mexico  to  the  South  Sea  t  Is  this  fissure  pro- 
longed to  that  little  group  of  islands,  called  by  Colluet  the  Archi- 
pelago of  Regigedo,  and  round  which,  in  the  same  parallel  with  the 
Mexican  volcanoes,  pumice-stone  has  been  seen  floating  1  Naturalfats 
who  dfatinguish  the  facts  oflfered  by  descriptive  mineralogy  from 
theoretical  reveries  concerning  the  primitive  state  of  our  planet,  will 
pardon  me  for  having  consigned  these  observations  to  the  general 
map  of  New  Spain,  contained  in  the  Mexican  Atlas. 

IHumboIdi,  as  alave.} 
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SECTION  lU 

Volcanoes  of  New  Grenada. 

These  are  chiefly  to  be  met  with  on  the  sumiiiks  of  the  eQormou$ 
mountaiDs  io  the  viceroy  ally  of  New  Grenada,  and  in  the  neigh* 
bourbood  of  the  city  of  Quito.  These  mountains-  constitute  some 
of  the  grandest  objects  in  natural  geography^  being  many  of  them 
the  loftiest  on  the  face  of  the  globe,  while  their  volcanoes  are  of  a 
most  sublime  and  iiorrible  character.  The  most  celebrated  of  these 
elevated  excavations  are,  Chimborazo,  Cotopoxi,  Sangai,  Plchincha, 
and  Antisanasi  most  of  them,  however^  have  expended  themselves, 
except  Sangai  and  Cot^poxi* 

Chimborazo,  the  loftiest  of  the  whole,  about  a  hundred  English 
miles  to  the  south  of  Quito,  and  about  ten  to  the  jiorth  of  Biobamba^ 
is  computed  hy  Bouguer  to  be  3217  French  toises,  or  20,280  feet 
above  the  level  of  the  sea;  and  consequently  to  be  about  5,GO0  feet, 
or  one  quarter  higher  tl^n  Mounit  Blanc :  its  region  of  perpetual 
aiiow  extends  to  about  2,400  feet  fronci  the  summit. 

The  next  loftiest  mountain  is  Cotopaxi,  estimated  at  about  18,50Q 
feet,  and  situated  at  about  twenty-five  miles  to  the  .south  east  of 
Quito.  Pichinchay  lies  stili  nearer  to  the  capital,  but  in  a  southr 
westerly  direction ;  and  Altar  and  Sangai  to  the  south-east. 

This  last  is  a  pdramo%  or  vast  desert,  the  summit  always  covered 
witli  snow.  It  js  a  perpetual  volcano,  yvliose  fire  is  continually  seen, 
and  whose  explosions  are  heard  at  a  distance  of  forty  leagues^  The 
adjacent  country  is  entirely  barren,  in  consequence  of  being  covered 
with  the  cinders  ejected  from  its  mouth.  In  this  mountain  rises  the 
river  Seagal,  which  being  joined  by  the  Upano,  forms  the  Payra,  a 
large  river,  which  discharges  itself  into  the  river  M araaon,  or  river 
of  Amazons, 

Cotopoxi  is  supivosed  to  have  become  a  volcano  about  the  time 
when  jthe  Spaniards  first  invaded  the  country ;  and  Ulloa  asserts 
that  It  ejected  stones  pf  eight  or  nine  feet  in  diameter,  to  a  distance 
of  more  than  nine  miles.  A  new  eruption  occurred  in  1743,  which 
had  been  for  some  days  preceded  by  a  continual  interior  rumbling 

♦  A  Spanish  t^erm  cont^^ctcd  from  par  eremo^  ereioitic^l,  hermetical, 
bennit«>Uke,  solitary.— £<2t<or. 
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noise ;  after  which  an  aperture  was  made  iu  its  summit^  as  also  three 
others  near  the  middle  of  its  declivity;  which  parts,  when  the 
eruption  commenced^  were  buried  under  prodigious  masses  of  snow. 
The  ignited  substances  which  were  ejected,  being  mingled  with  a 
considerable  quantity  of  snow  and  ice,  melting  amidst  the  flames^ 
were  carried  down  with  such  amazing  rapidity,  that  the  plain  from 
Callo  to  Latacunga  was  overflowed,  and  all  the  houses,  with  their 
wretched  inhabitants,  were  swept  away  in  one  general  and  instanta* 
neous  destruction.  The  river  of  Latacunga  was  the  receptacle  of 
this  dreadful  flood,  till  becoming  swollen  above  its  banks,  the  - 
torrent  rolled  over  the  adjacent  country,  continuing  to  sweep  away 
houses  and  cattle,  and  rendered  the  land  near  the  town  of  the  same 
name  as  the  river^  one  vast  lake.  Here^  however,  the  inhabitants 
bad  sufficient  warning  to  save  their  lives  by  flight,  and  retreated  to  a 
more  elevated  spot  at  some  distance.  During  three  days  the  vol- 
cano ejected  cinder^  while  torrents  of  lava,  with  melted  ice  and 
snow,  poured  down  the  sides  of  the  mountain.  The  eruption  con- 
tinued for  several  days  longer,  accompanied  with  terrible  roarings 
of  the  wind,  rushing  through  the  craters  which  had  been  opened. 
At  length  all  was  quiet,  and  neither  smoke  nor  fire  was  to  be  seen  ; 
until,  in  May,  1744>the  flames  forced  a  passage  through  several  other 
parts  ou  the  sides  of  the  mountain ;  so  that  in  clear  nights,  the 
flames,  being  reflected  by  the  transparent  ice,  exhibited  a  very  grand 
and  beautiful  illumination.  On  November  13th  following,  it  emitted 
such  prodigious  quantities  of  fire  and  lava  that  an  inundation  equal 
to  the  former  soon  ensued  3  and  the  inhabitants  of  the  town  of  Lata- 
cunga, for  some  time,  thought  their  ruin  irremediable.  Tlie  roar- 
ings of  the  vdcano  are  said  by  Humboldt  to  have  been  heard  at  two 
hundred  and  twenty  leagues  distance. 

Nothing,  however,  can  equal  the  fertility,  pure,  etherial  atmo- 
sphere, and  picturesque  beauty  of  the  sides  of  the  mountain,  which 
have  generally  been  described  as  a  terrestrial  paradise  ;  in  conse- 
quence of  which  alone  the  inhabitants  still  adhere  to  this  stupendous 
region,  and  dare  the  dangers  of  its  eruptions  and  earthquakes. 

The  mpst  horrible  visitation  of  this  double  kind  to  which  they 
have  been  exposed,  occurred  on  February  4,  1797,  about  eight 
o'clock  in  the  morning.  At  Quito  little  damage  was  sustained,  but 
the  subterranean  thunder,  and  the  shocks  repeated  every  six  hours, 
occasioned  mdescribable  horror  and  dismay.   On  the  day  ensuing. 
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H  was  kaowR,  towards  the  evening,  that  Latacunga,  and  all  the 
hamlets  in  its  corregiamento,  were  utterly  destroyed,  not  one  stone 
remaining  upon  another.  Multitudes  of  persons  perished^  and  the 
stench  of  the  dead  bodies  infected  the  survivors.  Various  mountains 
split  near  Ambulo,  and  by  their  sudden  fall  produced  still  greater 
deslruciion  among  the  human  race.  Quero,  with  all  its  people, 
was  buried  in  an  instant  by  a  cliff  which  fell  on  the  town.  Pelileo 
^vas  overwlielined  by  a  stream  of  water  and  mud  ;  the  circumjacent 
lands  were  all  transposed ;  and  a  deadly  silence  betrayed  the  general 
luin.  The  elegant  town  of  Riobamba  became  a  heap  of  wreck  and 
desolation,  and  shortly  afterwards  totally  disappeared :  for  the  peak 
of  Sicalpa  falling  on  the  town,  and  damming  up  the  two  rivers  that 
pass  by  it,  formed  a  lake,  so  that  even  the  ruins  of  the  town  were 
not  vidibie.  Of  nine  thousand  inhabitants,  onl^  about  four  hundred 
escaped.  Alansi  and  Guaranda  also  suffered  extremely.  The  fate 
of  Cuenca,  Leja,  Jaen,  and  Guayaquil,  was  at  that  time  unknown; 
but  the  shocks  do  not  appear  to  have  extended  so  far.  The  adjoin- 
ing  volcano  Tungarunga  seems  to  have  united  in  the  fury  ;  as  ex- 
tensive subterranean  thunders  proceeded  from  this  last  quarter,  and 
the  most  fearful  mbchief  was  in  its  vicinity.  Towards  the  north  the 
earthquake  was  faintly  perceived  at  Pasto. 

We  cannot  give  a  better  account  of  what  may  be  called  the  present 
state  of  the  country  than  in  the  following  words  of  M.  Humboldt^ 
who  has  visited  it  since  the  above  devastation. 

We  arrived  at  Quito,  by  crossing  the  snows  of  Qui ridien  and  To* 
lima^for  as  the  conlillera  of  the  Andes  forms  three  separate  branches, 
and  at  Santa  Fe  de  Bogoto,  we  were  on  the  easternmost^  it  was 
necessary  for  us  to  pass  the  lof^iest^  in  order  to  reach  the  coast  of 
the  Pacific  ocean.  We  travelled  on  foot,  and  spent  seventeen  days 
in  these  deserts,  in  which  are  to  be  found  no  traces  of  their  ever 
having  been  inhabited.  We  slept  in  huts  made  of  the  leaves  of  the 
heliconia^  which  we  carried  with  us  for  the  purpose.  Descending 
the  Andes  to  the  west,  there  are  marshes,  in  which  you  sink  up  to 
the  knees.  The  latter  part  of  the  time  we  were  deluged  with  raki ; 
our  boots  rotted  on  our  legs ;  and  we  arrived  barefoot  at  Carthago^ 
but  enriched  with  a  fine  collection  of  new  plants^  of  which  I  have  a 
great  uuniber  of  drawings. 

From  Carthago  we  went  to  Popayan,  by  way  of  Buga,  crossing 
the  beautiful  vale  of  the  river   Caqc^^,  and  having  constantly 
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at  one  side  the  mountain  of  Cboca,  in  which  are  the  mines  of 
Platina. 

We  staid  during  the  month  of  November  1801,  at  Popayan, 
visiting  the  Basaltic  mountains  of  Julusuito ;  the  mouths  of  the  yol- 
cauo  of  Purace,  which  evolve^  with  a  dreadful  noise,  vapours  of 
]i3fdro8ulphurated  water;  and  the  porphyritic  granites  of  Pische, 
which  form  columns  of  Ave,  m,  or  seven  sides,  similar  to  those  I 
remember  1  saw  in  the  Euganeau  mountains  in  Italy,  which  Strange 
has  described. 

In  travelling  from  Popayan  to  Quito,  we  had  to  cross  the  paramos 
of  Pasto,  and  this  in  the  rainy  season.  Every  place  in  the  Andes, 
where,  at  the  height  of  3500  or  4000  yards,  vegetation  ceases,  and 
the  cold  penetrates  to  the  very  marrow  of  your  bones,  is  called  a 
paramo.  To  avoid  the  heats  of  the  valley  of  Patia,  where,  in  a 
single  night,  a  fever  may  be  caught,  that  will  last  three  or  four 
months,  we  passed  the  summit  of  the  Cordillera,  traversing  frightful 
precipices. 

We  spent  our  Christmas  at  Pasto,  a  little  town  at  the  foot  of  a 
tremendous  volcano,  where  we  were  entertained  with  great  hospita- 
lity. The  roads  leading  to  and  iirom  it  are  the  most  shocking  in  the 
world.  Thick  forests,  between  marshes,  in  which  the  mules  sink  up 
to  their  bellies;  and  gullies  so  deep  and  narrow,  that  we  seemed  en* 
tering  the  galleries  of  a  mine. 

The  whole  province  of  Pasto,  including  the  environs  of  Guachucai 
and  Tuqueres,  is  a  frozen  plain,  nearly  beyond  the  point  where 
vegetation  can  subsist,  and  surrounded  by  volcanoes  and  sulphur* 
pits,  continually  emitting  voluroes  of  smoke.  The  wretched  inha* 
bitants  of  these  deserts  have  no  food  but  potatoes :  and  if  these  fail, 
as  they  did  last  year,  they  go  to  the  mouotains  to  eat  the  stem  of  a 
little  tree  called  achupalla  {pourreHa  pUcamia)  $  but  the  bears  of 
the  A4ides>  as  they  too  feed  on  it,  ofteu  dispute  it  with  them.  On 
the  north  of  the  volcano  of  Pasto,  I  discovered  in  the  little  Indian 
village  of  Voisaco,  19OO  yards  above  the  level  of  the  sea,  a  red 
porphyry,  with  base  of  argil,  enclosing  vitreous  feldspar,  and  hom- 
bitnde,  that  has  all  the  properties  of  the  serpentine  of  the  Rchteige* 
Urge,  Thb  porphyry  has  very  distinctly  marked  poles,  but  no 
attractive  power.  Near  the  town  of  Ibarra,  we  nearly  escaped 
being  drowned  by  a  very  sudden  swell  *of  the  water,' accompanied 
with  shocks  of  an  earthquakes 
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We  reacbtd  Quito  on  the  6th  of  January  180S«  It  is  ahancbomO' 
city ;  but  the  sky  is  commonly  clouded  aud  gloomy.  The  neigh- 
bouring mountains  exhibit  little  verdure,  and  the  cold  is  very  consi- 
derable. The  great  earthquake  on  the  4th  of  February  1797>  which 
changed  the  face  of  the  whole  province,  and  in  one  instant  destroyed 
thirty-five  or  forty  thousand  persons,  has  so  altered-  the  tempera- 
ture of  the  air,  that  the  thermometer  is  now  commonly  41°  to  5A\ 
and  seldom  rises  to  68^  or  Jif^  whereas  Bouguer  observed  it  con- 
stantly at  66*^  or  68°.  Since  this  catastrophe,  earthquakes  are^ 
continually  recurring;  and  such  shocks  I  it  is  probable,  that  all  the 
higher  ground  is  one  vast  volcano.  What  are  called  the  mountains 
of  Cotopoxi  and  Pichincha,  are  but  little  summits,  the  craters  of' 
which,  form  different  conduits  terminating  in  the  same  cavity.  The 
earthquake  of  1797,  afibrded  a.melancholy  proof  of  this ;  for  the 
ground  then  opened  every  where,  and  vomited  forth  sulphur,  water, 
&c.  Notwithstanding  the  dangers  and  horrors  that  surround  them, 
the  people  of  Quito  are  gay,  lively,  and  sociable  3  and  in  noplace  did 
I  ever  see  a  more  decided  and  geueral  taste  for  pleasure,  luxury, 
and  amusement.  Thus  man  accustoms  himself  to  sleep  tranquilly 
on  the  brink  of  a  precipice. 

I  was  twice  at  the  mouth  of  the  crater  of  Pichmcba,  the  moun- 
tain that  overlooks  the  city  of  Quito.  I  know  of  no  one  but 
Condamine,  that  ever  reached  it  before ;  and  he  was  without 
instruments,  and  could  not  stay  above  k  quarter  of  an  hour,  on 
account  of  the  extreme  cold.  I  was  more  successful.  From  the 
edge  of  the  crater  rise  three  peaks,  which  are  free  from  snow,  as  it 
is  continually  melted  by  the  ascending  vapour.  At  the  summit  of 
one  of  these  I  found  a  rock,  that  projected  over  the  precipice,  and 
hence  I  made  my  observations.  This  rock  was  about  twelve  feet 
long,  by  six  broad,  and  strongly  agitated  by  the  frequent  shocks,  of 
which  we  counted  eighteen  in  less  than  half  an  hour*  We  kiy  on 
our  bellies,  the  better  to  examine  the  bottom  of  the  crater.  The 
mouth  of  the  volcano  forms  a  circular  hole,  near  a  league  in  cir- 
cumference, the  perpendicular  edges  of  which  are  covered  with  snow 
on  the  top.  The  inside  is  of  a  deep  black ;  but  the  abyss  is  so  vast, 
that  the  summits  of  several  mountains  may  be  distinguislied  in  it. 
Thek  tops  seemed  to  be  six  hundred  yards  below  us,  judge  then 
where  tbeur  basei  must  be.  I  have  no  doubt  that  the  bottom  of  the 
crater,  b  on  a  level  with  the  city  of  Quito.    Condamine  found  it 
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0Ktincty  aod  even  covered  with  snow ;  but  we  had  to  report  the 
uopleasant  news,  that  it  was  burniog.  On  my  second  visit,  being 
better  furnished  with  uistruments,  I  found  the  diameter  of  the 
crater  to  be  l600  yards,  whereas  that  of  Vesuvius  is  but  670.  The 
height  of  the  mountain  is  5280  yards. 

When  we  visited  the  volcano  of  Antisaoa,  the  weather  was  so  fa- 
vourable, that  we  reached  the  height  of  5gi5  yards.  In  this  lofty 
region,  the  barometer  sunk  to  14  inches  7  lines,  [15.6  Eng.]  and 
the  tenuity  of  the  air  occasioned  the  blood  to  issue  from  our  lips, 
gums,  and  even  eyes :  we  felt  extremely  feeble,  and  one  of  our 
company  fdinted  away.  The  air  brought  from  the  loftiest  point  we 
yisited,  gave  on  being  analysed  0.218  pf  oxigen  gas,  and  0.008  of 
carbonic  acid. 

We  visited  Cotopoxi,  but  could  not  reach  the  mouth  of  the  crater. 
The  assertion,  that  this  mountain  was  diminished  in  height  by  the 
earthquake  of  1797 »  is  a  mistake. 

In  June  we  proceeded  to  measure  Chimboraco  and  Tunguragua, 
and  take  a  plan  of  all  the  country  affected  by  the  grand  catastrophe 
of  1797t  We  approached  within  about  500  yards  of  the  simimit  of 
Chimboraco,  our  ascent  being  facilitated  by  a  line  of  volcanic  rocks 
uncovered  with  snow*  The  height  we  reached  was  6465  yards ;  and  we 
were  prevented  from  ascendmg  Auther  by  a  chasm  too  deep  to  cross. 
We  felt  the  same  inconveniences  as  on  Antisana;  tnd  were  unwell 
for  two  or  three  days  after.  The  air  at  this  height  contained  0.20 
of  oxygen.  The  trigonometrical  measurement  I  took  of  the  moun* 
tain  at  two  difft  rent  times,  and  I  can  place  some  confidence  in  my 
operations,  gave  me  for  its  height  6970  yards,  a  hundred  more  than 
Condamine  assigns  it.  The  whole  of  this  huge  mass,  as  of  all  the 
high  mountains  of  the  Andes,  is  not  granite,  but  porphyry, 
from  the  foot  to  the  summit,  and  there  the  porphyry  is  4050  yards 
thick. 

Chimboraco  is  probably  a  volcanic  mountain,  for  the  track  by 
which  we  ascended,  consists  of  a  burnt  and  scorified  rock  mixed 
with  pumice-stone,  resembhng  all  the  streams  of  lava  in  this 
country,  and  ran  higher  up  the  mountain  than  we  could  climb. 
The  summit  therefore  is  m  all  likelihood  the  crater  of  an  extuict 
volcano. 

The  mountain  of  Tunguragua  has  diminished  in  height  since  the 
earthquake  of  1797.    Bouguer  assigns  it  5589  yards,  I  found  it  but 
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^99>  SO  that  It  must  have  lost  19O  yards;  and  indeed  the  people 
in  the  viciuity  say,  that  they  have  seen  its  summit  crumble  away 
before  their  eyes. 

During  our  stay  at  Riobancha,  we  accidentally  made  a  viery 
curious  discovery.  The  state  of  the  province  of  Quito,  previous  to 
its  conquest  by  the  Inca  Tupaynpangi>  iu  i470>  is  wholly  unknown: 
but  the  king  of  the  Indians,  Leandro  Zapla,  who  resides  at  Lican^ 
and  has  a  mind  extraordinarily  cultivated  for  an  Indian,  possesses 
manuscripts  composed  by  one  of  his  ancestors,  in  the  sixteenth 
century,  which  contains  the  hbtory  of  that  period.  They  are 
written  in  the  Paraguay  tongue,  which  was  formerly  general  in. 
Quito,,  but  is  now  lost^  having  been  supplanted  by  the  I  oca. 
Fortunately  another  of  Zapla's  ancestors  amused  himself  by 
translating  these  memoirs  into  Spanish.  We  have  obtained 
from  them  valuable  information,  particularly  in  the  memorable 
period  of  the  eruption  of  Nevado  del  Atlas,  which  must  have  been 
the  highest  mountain  iu  the  world,  loftier  than  Chimboraco,  and 
called  by  the  Indians  Capa^urca,  orchief  of  mountains. 

\Bouguer.  Estalla.  Humloldt] 

SECTION  III. 

Volcanic  Fhiznomena  in  the  West  Indies. 

Although  active  volcanoes  are  by  no  means  common  in  tbe 
islands  distinguished  by  the  name  of  the  West  Indies,  there  are  few 
of  them  that  do  not  betray  some  traces  either  of  a  volcanic  origin  or 
of  volcanic  effects.  The  Caribees  are .  particularly  characterised 
by  such  features,  and  especially  Martinique,  Guadaloupe^  and  St 
Lucia.  The  mountain-soil  of  the  first  of  these  consists^  to  a  very 
considerable  extent,  of  pumice,  either  in  lumps  or  powder,  occa* 
sionally  intermixed  with  a  ferruginous  sand,  which  is  not  unfre* 
quently  a  volcanic  production. 

On  the  island  of  St.  Lucie,  or  St.  Lucia,  are  some  high  and  craggy 
mountains,  which  bear  evident  maiks  of  volcanoes;  in  one  deep 
valley  there  are  several  ponds,  the  water  of  which  boils  up  in  a  very 
powerful  mauner,  and  the  streams  that  issue  from  it  retain  their 
heat  at  the  distance  of  three  miles  from  their  source. 

The  mountains  of  Guadaloupe  are,  according  to  De  Borda,  not 
less  lofty  than  those  of  Martinique,  and  the  Souffnere  ox  Sulphur 
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MoanfaiDy  ^ected  both  smoke  and  flames  during  the  time  of  his 
wk  to  the  islaiKL  This  very  singular  mountain  is  the  highest  of 
the  whole;  its  summit  is  perfectly  bare,  nothing  growing  upon  it 
but  ferns,  mosses  and  a  few  other  cryptogamic  plants:  but  it 
affords  a  fine  view  of  the  neighbouring  islands  of  Dominica,  Marie- 
galante,  Martinico,  Montserrat,  Nevis^  and  various  others.  Upon 
tfae  highest  part  it  a  rugged  platform,  covered  with  burnt  stones  of 
all  sizeH ;  and  from  several  clefts  and  chinks  issue  smoke.  On  the 
east  side  are  two  mouths,  which  open  into  a  pit  of  sulphur^  one  of 
which  is  an  oval  hole  of  about  an  hundred  feet  in  its  greatest  dia- 
meter, out  of  which  also  frequently  arise  thick  clouds  of  black  smoke, 
accompanied  with  sparks  of  fire.  The  negroes  who  sell  brjmstone 
fetch  it  from  this  mountain.  About  two  hundred  paces  below  the 
lowest  of  these  mouths  are  three  pools  of  very  hot  water^  four  or 
five  paces  from  each  other ;  the  water  of  the  largest  is  very  dark 
coloured,  and  smells  like  that  of  a  smithes  forge ;  the  second  is 
whitish,  and  has  the  taste  of  alum ;  the  third  is  blue,  and  has  a  vi- 
triolic taste.  Here  are  also  several  springs,  which«  uniting  their 
streams,  form  various  torrents.  Tlie  middle  and  bottom  of  this 
burning  mountain  are  extremely  different  from  the  top  of  it^  being 
covered  with  tall  trees  and  herbage,  watered  by  a  number  of  rivu- 
lets, and  cultivated  with  the  utmost  care  and  hidustry. 

Almost  every  island  hi  the  western  Archipelago,  particularly  those 
which  have  the  highest  laud,  has,  in  like  manner,  its  Sulphur-hiU, 
pi  Stnifiiere,  as  it  is  denominated  by  the  French.  In  some  of  these 
the  volcano  has  become  extinct,  and  is  no  longer  to  be  traced ;  but 
in  others,  as  Guadaloupe,  St.  Lucia,  and  St.  Vincent,  there  are  de- 
cided and  well-characterised  craters,  which  are  occasionally  active, 
and  throw  out  ashes^  scoriae,  and  lava  with  the  flame. 

T'he  most  singular  of  these  Souffri^res  occurs  in  the  island  of 
Montserrat^  and  is  thus  ably  described  by  Dr.  Nugent.  ''  The 
island  of  Montserrat,  so  called  by  the  Spaniards  from  a  fancied  re- 
semblance to  the  celebrated  mountain  of  Catalonia,  is  every  where 
extremely  rugged  and  mountainous,  and  the  only  roads^  except  in 
one  direction,  are  narrow  bridle-paths  winding  through  the  recesses 
of  the  mountains ;  there  is  hardly  a  possibility  of  using  wheeled  car- 
riages, and  the  produce  of  the  estates  is  brought  to  the  place  of 
shipment  on  the  backs  of  mules.  Accompanied  by  a  friend,  I  ac- 
cordingly set  out  on  horseback  from  the  town  of  Plymouth,  which 
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is  situated  at  the  foot  of  the  mountaios  on  the  sea  shore.  We  pn>. 
ceeJed  by  a  circuitous  and  steep  route  about  six  iniles,  gradually 
ascending  the  mountain^  which  consisted  entirely  of  an  uniform  por-^ 
phyritic  rock,  broken  every  where  into  fragments  and  large  blocks, 
and  which  in  many  places  was  so  denuded  of  soil  as  to  render  it  a 
matter  of  astonishment  how  vegetation,  and  particularly  that  of  the 
cane,  should  thrive  so  well.  The  far  greater  part  of  the  whole 
island  is  made  up  of  this  porphyry,  which  by  some  systematics  woiild 
be  considered  as  referable  to  the  newest  floetz  trap  formation,  and 
by  others  would  be  regarded  only  as  a  variety  of  lava.  It  is  a  com* 
pact  and  highly-indurated  argillaceous  rock  of  a  grey  colour,  replele 
with  large  and  perfect  crystals  of  white  felspar  and  black  horn- 
blende. '  Rocks  of  thb  description  generally  pass  iii  the  West 
Indies  by  the  vague  denomination  of  fire-stone^  from  the  useful 
property  they  possess  of  resisting  the  operation  of  intense  heat.  A 
considerable  quantity  of  this  stone  is  accordingly  exported  from 
Montserrat  to  the  other  islands  which  do  not  contam  it,  being  essen* 
tial  iu  forming  the  masonry  around  the  copper  boilers  in  sugar« 
works.  We  continued  our  ride  a  considerable  distance  beyond  the 
estate  called  Galloway ^s  (where  we  procured  a  guide)  till  we  came 
to  the  side  of  a  very  deep  ravine  which  extends  in  a  windmg  direo« 
tion  the  whole  way  from  one  of  the  higher  mountains  to  the  sea.  A 
nigged  horse-path  was  traced  along  the  brink  of  the  ravine,  which 
we  followed  amidst  the  most  beautiful  and  romantic  scenery.  At 
the  head  of  this  ravine  is  a  small  amphitheatre  formed  by  lofty  sur- 
rounding mountains^  and  here  is  situated  what  is  termed  "  The 
Sulphur.'^  Though  the  scene  was  extremely  grand  and  well  worthy 
of  observation*  ye^  I  confess  I  could  not  help  feeling  a  good  deal 
disaf^inted,  as  there  was  nothing  like  a  crater  to  be  seen,  or  any 
thing  else  that  could  lead  me  to  suppose  the  place  had  any  connexion 
with  a  volcano.  On  the  norths  east,  and  west  sides  were  lofty 
mountains  wooded  to  the  tops,  composed  apparently  of  the  same 
kind  of  porphyry  we  had  noticed  all  along  the  wi^«  On  the  south, 
the  same  kind  of  rock  of  no  great  height,  quite  bare  of  vegetation, 
and  in  a  very  peculiar  state  of  decomposition.  And  on  the  south- 
eastern side^  our  path  and  the  outlet  into  the  ravine.  The  whole 
area  thus  included,  might  be  three  or  four  hundred  yards  in  length, 
and  half  that  dbtance  in  breadth.  The  suriace  of  the  ground;  not 
occupied  by  the  ravine,  was  broken  and  strewed  with  fragments  and 
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of  Ike  poq>hyritic  rockt  for  tiie  most  part  m  «xoeed« 
M^y  detomposed  at  to  be  friable  and  to  crumble  oo  the  sni^ert 
pfesBsre*  For  some  tinie  I  thoi^ht  that  this  sobstance,  which  vt 
fieifecdy  white»  aod  ia  some  instances  exhibits  an  arrangement  Uk» 
crystals,  was  a  peculiar  mineral ;  but  afterwards  became  convinced, 
that  it  was  merely  the  porphyritic  rock  singularly  altered,  not  by 
Ae  action  of  the  aur  or  weather,  but,  as  I  conjecture,  by  a  strong 
lulpbureoas  or  sulphuric  add  vapour  which  U  generated  here,  aud 
which  is  probably  driven  more  against  one  side  by  the  eddy  wind  up 
the  ravine,  the  biceae  froni  any  other  quarter  being  shut  out  by 
the  surroundittg  biUs^ 

Amidst  the  loose  stones  and  fragments  of  decomposed  rock  are 
tBaay  fissures  and  crevices;  whence  very  strong  sulphureous  exhalac* 
lions  arise,  and  which  are  diffused  to  a  considerable  distance ;  these 
exhalations  are  so  powerful  as  to  impede  respiration,  and  near  any  oi 
the  fissures  are  quite  intolerable  and  suffocating.  The  buttons  of 
my  coat,  aod  some  silver  aiid  keys  in  my  pockets,  were  instanta> 
neously  discoloured.  An  intense  degree  of  heat  is  at  the  same  Ujbm 
evolved,  which,  added  to  the  apprehension  of  the  ground  crumblii^ 
and  giving  way,  renders  it  difficult  and  painful  to  walk  near  any  of 
these  fissures.  The  water  of  a  rivulet  which  flows  down  the  sidet 
of  the  raovotain  and  passes  over  this  place,  is  made  to  boil  with  vio* 
lence,  and  becomes  loaded  with  sulphureous  impregnations.    Other 


*  Thii  pecaliar  decomposition  of  Ibe  surroundings  rock  has  been  frequently 
observed  in  similar  sitoafions,  and  under  analof^ous  circumstances,  and  has  I 
find  been  accounted  for  by  otKer  persons  In  tbosarae  wny:  thus  Dolomiea 
says,  "  La  couleur  blanche  des  pierres  de  Tinterieur  de  tous  les  craters  in- 
flamm^  est  dae  I  nne  veritable  alteration  de-la  lave  produite  par  les  vapeors 
acido-sulfureuses  qui  les  penetrent,  et  qui  se  combinent  avec  VargWe  qui  leur 
sert  de  base,  y  formant  Talon  que  Ton  retire  des  mati^res  volcaniques."  Foy, 
aux  Isles  de  Lipari,  p.  18. 

And  he  afterwards  adds,  *'  Cette  alteration  des  laves  par  ]4^s  vapeurs  acido- 
tnlfureuses,  est  one  espice  d*analyse  que  la  nature  fait  elie  mSme  des  malieret 
Yolcaniques.  II  y  a  des  laves  sur  lesqueUes  les  vapeures  n*oot  pas  encore  e« 
assez  de  terns  d'agir  poor  les  d^oatorer  enti^rement,  et  alors  on  les  vott  dan^ 
differens  etats  de  decomposition  qoe  Ton  reconnoit  par  le  coulear.'* 

Alum  is  doubtless  formed  at  this  place,  as  well  as  elsewhere,  under  simile 
circomstances:  the  potash  necessary  for  the  composition  of  this  salt,  bein§^ 
as  well  as  the  Tg\\,  derived  from  the  toiroanding  rook. 
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branches  of  the  same  rivulet  vrbkh  do  not  pass  inmedilitely  neftt 
these  fissures,  remain  cool  and  Iknpid ;  and  thus  you  may  wkh  one 
hand  touch  one  rill  that  b  at  the  boHing  poiat>  and  with  the  other 
hand  touch  another  rill  which  is  of  the  usual  temperature  of  water 
ki  that  climate*  The  exiialations  of  sulphur  do  not  at  all  tines 
proceed  from  the  same  fissures,  but  new  ones  appear  to  be  daily 
formed,  others  becoming,  as  it  were,  extinct.  On  the  maigms  of 
these  fissures,  and  indeed  almost  over  the  whole  place,  are  to  b^ 
seen  most  beautiful  crystallizations  of  sulphur>  in  many  spots  qoitt 
as  fine  and  perfect  as.  those  from  Vesuvius,  or  indeed  as  smy  other 
specimens  I  have  ever  met  with.  The  whole  masr  of  decomposed 
n>ck  in  the  vicinity  is,  in  like  manner,  quite  penetrated  by  sulphur. 
The  specimens  which  I  collected  of  the  crystallized  sulphur,  as  well 
as  of  the  decomposed  and  undecomposed  pmrphyry,  were  I«ft 
inadvertently  on  board  the  packet  at  Falmouth,  which  prevents  my 
having  the  pleasure  of  exhibiting  them  to  the  Society.  I  did  not 
perceive  at  this  place  any  trace  of  pyrites,  or  any  other  metallic  sub* 
ataoce,  except  indeed  two  or  three  small  fragments  of  clay  iron* 
itone  at  a  litde  distance,  but  did  not  dbcover  even  this  substance 
any  wlif  re  in  situ.  It  is  very  probable  that  the  bed  of  the  glen  or 
ravine  might  throw  some  light  on  the  internal  structure  of  the  place; 
but  it  was  too  deep,  and  its  banks  infinitely  too  pred}Ntous,  for 
tne  to  venture  down  to  it.  I  understood  that  there  was  a  similar 
exhalation  and  deposition  of  sulphur  on  the  side  of  a  mountain  not 
more  than  a  mile  distant  in  a  straight  line;  and  a  subterranean 
communication  is  supposed  to  exist  between  the  two  places. 

[De  Borda^  Journal des  Mines,  Geological  Transact.  Vol.  I.) 


CHAP.  XVI. 

ISLANDS    SUDDENLY    THROWN    UP    FROM  THE    SEA. 

ISesides  the  convulsions  of  nature  displayed  in  volcanoes,  ottier 
operations  are  carried  on  below  the  fathomless  depths  of.  the  sea, 
the  nature  of  which  can  only  be  conjectured  of  by  the  effects  pro* 
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duced ;  nor  is  it  more  astoiiiflliing  that  iBflaimiiabk  aidiBtances  rfiould 
be  found  beneath  tbe  bottom  of  tbe  iea^  than  at  similar  deptlis  on 
land,  and  that  there  the  impetuous  force  of  fire  should  cause  the 
imprisoned  air  and  elastic  gasses  to  expand,  and  by  its  mighty  force 
drive  the  earth  at  the  bottom  of  the  sea  above  its  surface*  These 
marine  volcanoes  are  perhaps  more  frequent,  tliough  they  do  not  so 
often  come  within  the  reach  of  human  observation,  as  those  on  land ; 
since  stupendous  must  be  the  operations  carried  on  which  never 
Hurow  up  matter  to  such  an  extent  as  man's  ingenuity  enables  him  to 
reach  by  fathoming. 

.  Many  instances  have  occurred,  both  in  ancient  and  modem  times, 
of  islands  bemg  formed  in  the  midst  of  the  sea,  and  their  appearance 
has  always  been  preceded  by  violent  agitationi  of  the  surrounding 
waters,  accompanied  with  dreadful  noises,  and  in  some  instances^ 
with  fiery  eruptions  from  the  new  formed  isles,  which*  are  composed 
of  various  substances,  but  frequently  intermixed  with  a  considerable 
quantity  of  volcanic  lava*  Such  islands  remain  for  ages  barren,  but 
in  a  long  course  of  time  become  abundantly  fruitful.  It  is  obvious 
to  enquire,  whether  springs  are  found  on  such  new-created  spots, 
when  the  convulsions  which  gave  them  birth  have  subsided  ;  but  on 
that  point  it  is  probable  that  no  certain  information  has  been  obtained, 
as  it  does  not  appear  that  any  naturalist  has  visited  them  for  the  pur* 
pose  of  recording  their  properties. 

Among  the  writers  of  antiquity  who  have  transmitted  accounts  of 
islands  which  have  thus  started  up  to  the  astonished  spectator,  Seneca 
asserts,  that,  in  his  time,  the  island  of  Therasea,  m  the  Egean  sea, 
was  seen  to  rise  in  this  manner,  by  some  mariners  who  were  sailing 
near  the  point  of  its  ascent*.  Plmy  gives  a  yet  more  wonderful 
account ;  for  he  says,  that  in  the  Mediterranean  thirteen  islands 
appeared  at  once  emerging  from  the  sea,  the  cause  of  which  he  as- 
cribes rather  to  the  retiring  of  the  waters,  than  to  any  subterraneous 
energy ;  but  he  speaks  of  the  island  Hiera,  near  to  that  of  Theresea, 
as  formed  by  subterraneous  explosions,  and  enumerates  several 
others  as  derived  from  a  similar  origin,  in  one  of  which,  he  says, 
that  fishes  were  found  in  great  abundance,  and  that  whoever  ate  of 
them  died  soon  afterwards. 

It  is,  however,  to  the  Archipelago,  and  the  Azores,  that  we 

*  Theresiam  nottne  aetatis  iDsiilam  spectaatibus  nostris  io  JEgto  nari  eoa- 
turn.    Quaest*  Nat.  lib.  vi*  cap.  xxi. 
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flftust  look  fw  the  grandest  and  most  surpHsing  kistaoces  of  tbb  pbe* 
Bomendn.  Let  us  take  aa  exaiii{de  or  two  from  each  of  these  groupes 
of  islands. 

The  island  of  Acroteri»  of  no  mean  fame  in  ancient  history,  ap- 
pears to  have  its  surface  composed  of  pumice-stone,  encrusted  with 
a  surface  of  fertile  earthy  and  the  ancients  represent  it.  as  rising,  m 
a  violent  earthquake,  out  of  the  sea.  Four  neighbouring  islands 
Imve  had  a  similar  origin,  and  yet  the  sea  is  here  of  such  a  depth  as 
to  be  unfathomable  by  any  sounding-line.  These  arose  at  different 
times ;  the  first  long  before  the  commencement  of  the  christian  aem, 
tiie  second  in  the  &rst  century,  the  thurd  in  the  eighth,  and  the  fourth 
in  1573.      . 

The  following  history,  appertaining  to  the  same  duster,  is  of  stiU 
later  date;  and  its  peculiarities  entitle  it  to  a  more  minute  detail  :--# 

On  May  22)  I8O7,  a  severe  earthquake  was  felt  at  Great  Cam^ 
soeni ;  and  on  the  ensuing  morning  a  party  of  seamen  discoverang 
not  hx  off  what  they  believed  to  be  a  wreck,  rapidly  rowed  towards 
it ;  but  finding  rodLS  and  earth  mstead  of  the  remains  of  a  ship,  hasted 
back,  and  spread  the  news  of  what  they  had  seen  in  Santorini.  How 
l^reat  soever  the  apprehensions  of  the  inhabitants  were  at  the  first 
fiigbt,  their  surprise  soon  abated,  and  in  a  few  days,  seeing  no  ap- 
pearance of  fire,  or  smoke,  some  of  th^m  ventured  to  land  on  the 
new  island^  Their  curiosity  led  them  from  rock  to  rock,  where 
tbey  found  a  kind  of  white  stone  that  cut  like  bread,  which  it  neaiiy 
resembled  in  its  form,  colour,  and  consistence.  They  also  found 
many  oysters  sticking  to  the  rocks;  but  while  they  were  emjiloyed 
in  gathering  them,  the  island  moved  and  shook  under  their  feet, 
upon  which  diey  ran  with  precipitation  to  theur  boats^  With  these 
motions  and  tremblings  the  island  increased,  not  only  in  height,  but 
in  length  and  breadth  ;  yet  somethnes  while  it  was  raised  and  ex* 
tended  on  one  side,  it  sunk  and  diminished  on  the  other.  Our  au- 
Aor  observed  a  rock  to  rise  out  of  the  sea,  forty  or  fifty  paces  from 
the  island,  which  having  continued  four  days,  suidc,  and  appeared 
no  more ;  but  several  others  appeared  and  disappeared  alternately, 
tfll  at  last  they  remained  fixed  and  unmoved.  In  the  mean  time  the« 
colour  of  the  surrounding  sea  was  changed :  at  first  it  was  of  a  light 
green,  then  reddish,  and  afterwards  of  a  pale  yellow,  accompanied 
^Mith  a  noisome  stench,  which  spread  itself  over  part  of  Santormi. 

On  the  |6th  of  July  the  smoke  first  appeared,  not  indeed  front' 
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the  idand,  but  from  a  ridge  of  black  stones  which  suddenly  rose 
about  sixty  paces  from  it,  where  the  depth  of  the  sea  was  unfathom- 
able. Thus  there  were  two  separate  islands,  one  chilled  the  White 
and  the  other  the  Black  Island,  from  their  different  appearances. 
This  thick  smoke  was  of  a  whitish  colour,  like  that  of  a  lime-kiln,  ' 
and  was  carried  by  the  wind  to  Sautorini,  where  it  penetrated  the 
houses  of  the  inhabitants. 

In  the  night  between  the  IQlh  and  30th  of  July,  flames  began  to 
issue  with  the  smoke,  to  the  great  terror  of  the  inhabitants  of  San- 
torini,  especially  those  of  the  castle  of  Scaro,  who  were  not  above 
a  mile  and  a  half  distant  from  the  burning  bland,  which  now  in- 
creased  very  fiist,  large  rocks  daily  springing-up,  which  sometimes 
added  to  its  length,  and  sometimes  to  its  breadth.  The  smoke  also 
increased,  and  there  being  no  wmd,  it  ascended  so  high  as  to  be 
seen  at  Candia,  and  other  distant  blands.  During  the  night  it  re- 
aonbledja  column  of  fire  fifteen  or  twenty  feet  high,  and  the  sea 
was  then  covered  with  a  scurf  or  froth,  in  some  places  reddish,  and 
in  others  yellowbh,  from  which  proceeded  such  a  stench,  that  the 
inhabitants  throughout  the  whole  island  of  Santorini  burnt  perfumes 
in  their  houses,  and  made  fires  in  the  streets,  to  prevent  infection. 
Tbb  mdced,  did  not  last  above  a  day  or  two,  for  a  strong  gale  of 
wind  dispersed  the  froth,  but  drove  the  smoke  upon  the  vineyards 
of  Santorini,  by  which  the  grapes,  in  one  night,  were  parched  up 
and  destroyed.  This  smoke  also  caused  violent  he^d-achs,  attended 
with  retchings. 

Oa  the  31st  of  July,  the  sea  smoked  and  bubbled  in  two  different 
places  near  the  island,  where  the  water  formed  a  perfect  circle,  and 
looked  like  oil  when  ready  to  boil.  Thb  continued  above  a  month, 
during  which  many  fishes  were  found  dead  on  the  shore  of  Santorinii 
The  following  night  a  dull  hollow  noise  was  heard,  like  the  dbtant 
report  of  several  cannon,  which  wis  instantly  followed  by  flames  of 
fire,  shooting  up  to  a  great  height  in  the  air,  where  they  suddenly 
disappeared.  The  next  day  the  same  hollow  sound  was  several 
times  heard,  and  succeeded  by  a  blackish  smoke,  which,  notwith- 
gtanding  a  fresh  gale  blew  at  that  time,  rose  up  in  the  form  of  a 
^lumn  10  a  prodigious  height,  and  would  probably  in  the  night 
have  appeared  as  if  on  fire. 

On  the  7th  of  August  the  nobe  was  different ;  it  resembled  that 
af  large  stones  thrown  ^1  together  into  a  deep  well.    Thb  noise 
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liaving  lasted  some  days,  was  succeeded  by  another  much  louder, 
so  nearly  resembling  thunder,  as  hardly  to  be  distinguished  from 
three  or  four  real  claps  that  happened  at  the  same  time. 

On  the  21st,  the  fire  and  smoke  very  considerably  diminished  | 
but  the  next  morning  broke  out  with  greater  fury  than  before.  The 
smoke  was  red,  and  very  thick,  and  the  heat  so  intense,  that  all 
round  the  island  the  sea  smoked  and  bubbled  in  a  surprishig  man« 
ner.  At  night,  by  means  of  a  telescope^  sixty  smaller  openings  or 
fiinnels^  all  emitting  a  very  bright  flame,  were  discovered  upon  the 
highest  part  of  the  island,  conjointly  resembling  a  large  furnace ; 
and  there  seemed  to  be  as  many  more  on  the  other  side  of  the 
great  volcano.  On  the  23d  of  August,  in  the  morniiig,  the  island 
was  nmch  higher  than  the  day  before^  and  its  breadth  was  increased 
by  a  chain  of  rpcks.  sprung  up  in  the  night  almost  fifty  f^et  above 
the  water.  Tlie  sea  was  also  again  covered  with  re<ldish  frothy 
which  always  appeared  when  the  island  received  any  considerable 
additions^  and  occasioned  an  intolerable  «tench»  till  it  was  dispersed 
by  the  wind  and  the  motion  of  the  waves* 

On  the  5th  of  September,  the  fire  opened  another  vent  at  the  ex- 
tremity of  the  Black  Island,  from  which  it  issued  for  several  days^ 
during  which  but  little  was  discharged  from  the  large  furnace:  and 
from  this  new  passage  the  astonished  spectators  beheld  the  fire  dart 
up  three  several  times  to  a  vast  height,  resembling  so  many  prodigious 
sky-rockets  of  a  glowing  lively  red.  The  following  night  the 
subterraneous  fire  made  a  terrible  noise,  and  immediately  after  a 
thousand  sheaves  of  fire  fiew  up  into  the  air,  where,  breaking  end 
dispersing,  they  fell  like  a  shower  of  stars  upon  the  island,  which 
appeared  all  in  a  blaze,  presenting  to  the  amazed  spectators  at  once 
a  most  dreadful  and  beautiful  illumination*.  To  these- natural  fire* 
works  succeeded  a  kind  of  meteor,  which  for  some  time  bung  over 
the  castle  of  Scaro»  which  is  seated  on  a  high  rock  in  the  island  af 
SaiUorini,  a  meteor  not  unlike  a  fiery  sword^  and  which  served  to 
increase  the  c^stematioa  of  the  inhabitants. 

On  the  dth.  of  September  the  White  and  Black  Islands  united,  after 
which  the  western  end  of  the  bland  daily  increased*  There  wer^ 
now  only  four  openings  that  emitted  flames,  which  issued  forth  with 
great  U3)petuo,sity«  sometimes  attended  with  a  noise  like  that  of  a 
large  organ-pipe,  jand  sometimes  like  the  howling  of  wild  beasts.— *, 
On  the  J  2th,  the  subterraneous  noise  became  much  augn^ented, 
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having  nerer  been  so  frequent,  or  so  dreadful  i^s  on  that  and  tbe  fol' 
lowing  day.  The  bursts  of  this  subterranean  tiiunder,  like  a  gene- 
ral discharge  of  the  artillery  of  an  army,  were  repeated  ten  or  twelre 
times  within  twen(y*four  hours,  and  immediately  after  each  clap 
the  large  furnace  threw  up  huge  red-hot  stones,  which  fell  into  the 
sea  at  a  great  distance.  These  claps  were  always  followed  by  a 
thick  smoke,  which  spread  clouds  of  as^es  ov^r  the  sea  and  the 
neighbouring  islands. 

On  the' 18th  of  September,  an  earthquake  was  felt  at  Santorini, 
6ut  did  no  great  damage,  though  it  considerably  enlarged  the  burning 
island,  and  in  several  new  places  gave  vent  to  the  fire  and  smoke. 
The  claps  were  also  more  terrible  than  ever,  and  in  the  midst  of  a 
thick  smoke  that  appeared  like  a  mountain,  were  seen  and  heard 
large  pieces  of  rock,  thrown  np  with  as  much  noise  and  force  as  balls 
fh>m  the  mouth  of  a  cannon,  which  afterward  fell  upon  the  island, 
or  into  the  sea.  One  of  the  small  neighbouring  islands  was  several 
times  covered  with  these  fiery  stones,  which  being  thinly  crusted  over 
with  sulphur,  gave  a  bright  light,  and  continued  biuming  till  that 
was  consumed. 

On  the  21st,  after  a  dreadful  clap  of  subterraneous  thunder,  very 
great  lightnings  ensued,  and  at  the  same  instant  the  new  island  was 
80  violently  shaken,  that  patt  of  the  g>eat  furnace  came  tumblini^ 
down,  and  huge  burning  rocks  were  thrown  to  the  distance  of  two 
miled  and  upward.  This  seemed  to  be  the  last  effort  of  the  volcano, 
and  to  have  Exhausted  the  combustible  matter,  as  all  was  quiet 
for  several  dajs  after.  But  on  the  25th  the  fire  broke  out  again 
with  still  greater  fury,  and  among  the  claps  one  Mras  so  terrible,  that 
the  churcfies  of  Santorini  were  soon  filled  with  crowds  of  people, 
expecting  every  moment  would  be  their  last ;  and  the  castle  and 
town  of  Scaro  suffered  such  a  shock,  that  the  doors  and  win- 
dows of  the  houses  flew  open.  The  volcano  continued  to  rage 
during  the  remaining  part  of  the  year ;  and  in  the  month  of  Janu- 
ary 1708,  the  large  futnace,  without  one  day's  intermission,  threw 
out  stones  and  flames,  at  least  once  or  twice,  but  generally  five  or 
rix  times  a  day.  '        ' 

On  the  iotb  of  February*  in  the  morning,  a  pretty  strong  earth- 
quake was  felt  at  Santorini,  which  .^ Jnhabitants  considered  as  a 
prelude  to  greater  commotions  in  the  bummg  island  ;  nor  were  they 
deceived  ;  for  soon  after  the  fire  and  smoke  issued  ia  prodigioui 
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quantities,  tke  claps  like  thunder  were  redoubled,  and  nothing  ap« 
peared  but  objects  of  horror  and  confusion ;  rocks  of  an  amazing 
si^e  wew  raised  up  to  a  great  height  above  the  water,  and  the  sea 
raged  and  boiled  to  such  a  degree  that  it  occasioned  great  conster- 
nation. The  subterraneous  bellowings  were  heard  without  intemiis* 
sion,  and  sometimes  in  less  than  a  quarter  of  an  hour  there  were  six 
or  seven  eruptions  from  the  large  furnace.  The  noise  of  the  re* 
peated  claps,  the  quantity  of  huge  stones  that  flew  about  ou  every 
side«  the  houses  tottering  to  their  very  foundations,  and  the  fire, 
which  now  appeared  in  open  day,  surpassed  all  that  had  hitherto 
happened,  and  formed  a  scene  astonishing  beyond  description. 

The  1 5th  of  April  was  rendered  remarkable  by  the  number  and 
violence  of  the  bellowijigs  and  eruptions,  by  one  of  which  near  a 
hundred  large  stones  were  thrown  up  all  together  into  the  s^r,  and 
fell  again  into  the  sea  at  about  two  miles  distance.  From  this  time 
to  the  23d  of  May,  which  might  be  cdlled  the  anniversary  of  the 
birth  of  the  new  island,  things  continued  much  in  the  same  state; 
but  afterward  tiie  fire  and  smoke  by  degrees  subsided^  and  the  sub- 
terraneous thunders  became  less  terrible. 

On  the  15th  of  July  1709*  the  Bishop  of  Santorini,  accompanied 
by  several  friars,  hired  a  boat  to  take  a  near  view  of  the  island^ 
They  made  directly  toward  it  on  that  side  where  the  sea  did  not 
bubble,  but  where  it  smoked  very  much.  Being  got  into  this  va- 
pour, they  felt  a  close  suffocating  heat,  and  found  the  water  very 
hot  i  upon  which  they  directed  their  course  toward  a  part  of  the 
blaQd  at  the  farthest  distance  from  the  large  furnace.  The  fires, 
which  still  continued  to  burn,  and  the  boiling  of  the  sea,  obliged 
them  to  take  a  great  compass,  and  yet  they  felt  the  air  about  theni 
very  hot  and  sultry.  Having  encompassed  the  island,  and  surveyed 
it  carefully  from  an  adjacent  one,  they  judged  it  to  be  two  hundred 
feet  above  the  sea,  about  a  mile  broad,  and  five  miles  in  circum* 
ference ;  but  not  being  thoroughly  satisfied,  they  resolved  to  attempt 
to  land,  and  accordingly  rowed  toward  that  part  of  the  island  where 
they  perceived  neither  fire  nor  smoke ;  but  when  they  had  got  within 
a  hundred  yards  of  it,  the  great  furnace  discharged  itself  with  \{$ 
usual  fury,  and  the  wind  blew  upon  them  a  thick  smoke  and  a 
shower  of  ashes,  which  obliged  them  to  quit  their  design.  Haviiig 
retired  a  little,  they  let  down  a  plummet,  with  a  line  ninety-five  fa-^ 
thorns  long,  but  it  was  too  ^  short  to  reach  the  bottom.    Qo  their 
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return  to  Santoriui,  they  observed  that  the  heat  of  the  water  had 
melted  most  of  the  pitch  from  their  boat,  which  was  therefore  grown 
very  leaky. 

From  this  time  until  the  15th  of  August^  the  6tt,  smoke^  and 
noise  continued,  though  moderately  ;  and  for  several  yiears  after,  it 
appears  that  the  bland  still  increased,  but  that  the  fire  and  subter- 
raneous noises  were  much  abated ;  and  as  the  travellers  who  have 
since  visited  the  Levant  give  no  account  of  its  burning,  it  has  doubt* 
less  long  since  ceased.  ^ 

We  have  stated  that  similar  eruptions  of  islands  have  occurred  in 
the  group  of  the  Azores.  Tims,  in  December  1720,  a  violent  earth- 
quake  was  felt  on  the  island  of  Tercera.  In  the  night  and  the 
next  morning  the  top  of  a  new  island  appeared,  which  ejected  a  huge 
column  of  smoke.  The  pilot  of  a  ship,  who  attempted  to  approach 
it,  souLded  on  one  side  of  the  new-formed  island,  with  a  line  of  sixty 
fathoms,  but  could  find  no  bottom.  On  the  opposite  side,  the  sea 
was  deeply  tinged  with  various  colours,  white,  blue,  and  green,  and 
was  very  shallow.  This  island  was  larger  on  its  first  appearance 
than  at  some  distance  of  time  afterwards  :  it  at  length  sunk  below 
the  level  of  the  sea,  and  now  is  no  more  to  be  found. 

'*  Yet  what  can  be  n^ore  surprising,"  observes  the  writer  of  the 
preceding  account,  "  than  to  see  fire  not  only  break  out  of  the 
bowels  of  the  earth,  but  also  to  make  itself  a  passage  through  the 
waters  of  the  sea!  What  can  be  more  extraordinary  or  foreign  to 
our  common  notions  of  things,  than  to  see  the  bottom  of  the  sea 
rise  up  into  a  mountaui  above  the  water,  and  become  so  firm  an 
island  as  to  be  able  to  resist  the  violence  of  the  greatest  storms  !  I 
know  that  subterraneous  fires,  when  pent  in  a  narrow  passage,  are 
able  to  raise  up  a  mass  of  earth  as  large  as  an  island ;  but  that  this 
should  be  done  in  so  regular  and  exact  a  manner  that  the  water  of 
the  sea  should  not  be  able  to  penetrate  and  extinguish  those  fires; 
and,  after  having  been  extinguished,  that  the  mass  of  earth  should 
not  fall  down,  or  sink  again  with  its  own  weight,  but  still  remam  in 
a  manner  suspended  over  the  great  arch  below  !  This  is  what  to  me 
seems  more  surprising  than  any  thing  that  has  been  related  of  Mount 
Etna,  Vesuvius,  or  any  other  volcano.** 

The  following  is  a  more  detailed  description  of  a  similar  phe- 
nomenon occurring  in  the  same  quarter,  though  of  much  later 
date.  We  copy  it  from  Capt.  Tillard's  narrative,  communicated  to 
the  Royal  Society, 
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Approaching,  says  he,  the  islaad  of  St.  Michaers,  on  Stibday, 
June  I2f  1811,  in  bis  Majesty's  sloop  Sabrina  under  my  command, 
we  occasionally  observed^  rising  in  the  horizon,  two  or  three  columns 
of  smoke,  sucli  as  would  have  been  occasioned  by  an  action  between 
two  ships,  toivhich  cause  we  universally  attributed  its  origin.  This 
opinion  was,  however,  in  a  very  short  time  changed,  from  the  smoke 
increasing  and  ascending  in  'much  larger  bodies  than  could  possibly 
have  been  produced  by  such  an  event ;  and  having  heard  an  account, 
prior  to  our  sailing  from  Lisbon,  that  in  the  preceding  January  or 
February  a  volcano  had  burst  out  within  the  sea  near  St.  Michaers, 
we  immediately  concluded  that  the  smoke  we  saw  proceeded  from  that 
cause,  and  on  our  anchoring  next  morning  in  the  road  of  Ponta  del 
Gada,  we  found  this  conjecture  correct  as  to  the  cau8e,4>ut  not  to 
die  time;  the  eruption  of  January  havuig  totally  subsided,  and  the 
pseseBt  x>ne  having  only  burst  forth  two  days  prior  to  our  approach, 
imd  about  three  miles  distant  from  the  one  before  alluded  to« 

Desirous  of  examining  as  minutely  as  possibly  a  contention  so  ex- 
traordinary between  two  such  powerful  elements,  I  set  off  frqm  the 
city  of  Ponta  del  Gada  on  the  morning  of  the  14th,  in  company 
with  Mr.  Read,  the  Consul  General  of  the  Azores,  and  two  other 
gentlemen.  After  riding  about  twenty  miles  across  the  NW.  end  of 
the  island  of  St.  Michael's,  we  came  to  the  edge  of  a  cliff  from 
whence  the  volcano  burst  suddenly  upon  our  view  in  the  most  ter* 
rific  and  awful  grandeur.  It  was  only  a  short  mile  from  the  base  of 
the  cliff,  which  was  nearly  perpendicular,  and  formed  the  margin 
of  the  sea ;  this  cliff  being  as  nearly  as  I  could  judge  from  three  to 
fonr  hundred  feet  high*  To  give  you  an  adequate  idea  of  the  scene 
by  description  is  far  beyond  my  powers ;  but  for  your  satisfaction  I 
shall  attempt  it.  . 

Imagine  an  immense  body  of  smoke  rising  from  the  sea,  the  surface 
of  which  was  marked  by  the  silvery  ripling  of  the  waves,  occasioned 
by  the  light  and  steady  breezes  incidental  to  those  climates  in  sum* 
men  In  a  quiescent  state,  it  had  the  appearance  of  a  circular  cloud 
revolving  on  the  water  like  an  horizontal  wheel,  in  various  and  irre- 
gular involutions,  expanding  itself  gradually  on  the  lee  side,  when 
suddenly  a  column  of  tlie  blackest  cinders,  ashes,  and  stones  would 
shoot  up  in  form  of  a  spire  at  an  angle  of  from  ten  to  twenty  degrees 
from  a  perpendicular  line,  the  angle  of  inclmation  being  universally 
to  wmdward :  this  was  rapidly  succeeded  by  a  second,  third,  and 
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fiNirthy  fuk  acqiimog  greater  telocity^  and  ofertoppiog  tbt  other 
till  tbey  bad  attained  an  altitude  as  much  above  the  level  of  onreje, 
as  tbe  sea  was  below  it 

As  the  impetus  with  which  the  colamos  were  severally  propelled, 
dimioishedy  and  their  ascending -motion  bad  nearly  ceiled,  tbey 
broke  into  various  branches  resembling  a  groupe  of  pines,  these 
again  forming  themselves  into  festoons  of  white  feathery  smdie  in 
the  most  fanciful  manner  imaginable,  mtermixed  with  the  finest  par- 
ticles of  falling  ashes,  which  at  one  time  assamed  the  appearance  of 
innmnerable  plumes  of  black  and  white  ostrich  feathers  surmounting 
each  other ;  at  another,  thatof  the  light  wavy  branches  of  a  weeping 
willow. 

During  these  bursts,  the  HKMt  vivid  flashes  of  ligbtning.continuaUy 
issued  from  the  densest  part  of  the  volcano ;  and  the  clond  of  smoiK 
now  aseendmg  to  an  altitude  much  above  the  highest  point  to  which 
the  ashes  were  projected,  rolled  off  m  large  masses  of  fleecy  clouds, 
gradually  expanding  themselves  before  the  wind  in  a  direction  nearly 
horiso^tal,  and  drawing^up  to  them  a  quantity  of  water*spouts, 
wJuch  formed  a  most  beautiM  and  striking  addition  to  the  general 
appearance  of  the  scene. 

Tliat  part  of  the  sea  where  the  volcano  was  situated,  was  upwards 
of  thirty  fathoms  dee|>,  and  at  the  time  of  our  viewing  it  the  vol- 
cano was  only  four  dAys.dd.  Soon  after  our  arrival  on  the  diff,  a 
peasant  obscarved  he  could  discern  a  peak  i^bove  the  water:  we 
looked^  but  could  not  see  it ;  however,  m  less  than  half  an  honr  it 
was  pkunly  vis%le»  tind  before  we  quitted  the  place,  which  was 
tbottt  three  hoars  from  the  time  of  our  arrival,  a  complete  crater 
was  formed  above  the  water,  not  less  than  twenty  feet  high  on  the 
side  where  the  greatest  quantity  of  ashes  fell ;  the  diameter  of  the 
enter  being  apparent^  about  four  or  five  hundred  feet. 

.The  great  eruptions  were  generally  attended  with  a  noise  Vke  the 
continued  firing  of  cannon  and  musquetry  intermixed,  as  also  with 
slight  shocks  of  earthquakes,  several  of  which  havmg  been  felt  by 
my  companions,  but  none  by  myself,  1  had  become  half  sceptical^ 
and  thought  their  opinion  rose  merely  from  the  force  of  imi^  . 
nation ;  but  while  we  were  sitting  within  five  or  six  yards  of  th^ 
edge  of  the  cliff,  partaking  of  a  slight  repast  wtosh  had  Jieen 
brought  witlr  us,  and  were  all  busily  engaged,  one  of  the  most  mag>» 
nificent  bursts  took  pUce  which  we  had  yet  witnessed,  accompanied 
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by  a  ^ty  severe  shock  of  an  earthquake*  The  instantaiieous  and 
}BVokintery  movement  of  each  was  to  spring  upon  his  feet^  and  i 
said,  "  This  admits  of  no  doubt."  The  words  had  scarce  passed 
my  lips^  before  we  observed  a  large  portion  of  the  face  of  the  cliff, 
afbout  fifty  yards  on  our  left,  falling,  which  it  did  with  a  violent 
crash.  So  soon  as  our  first  consternation  had  a  little  subsided,  we 
removed  about  ten  or  a  dozen  yards  further  from  the  edge  of  the 
cliff,' and  finished  our  dinner. 

On  the  succeeding  day,  June  15th>  having  the  consul  and  some 
other  friends  on  boards  I  weighed,  and  proceeded  with  th6  ship 
towards  the  volcano,  with  the  intention  of  witnessing  a  night  view ; 
but  in  this  expectation  we  were  greatly  disappointed,  from  the 
vdnd  freshening  and  the  weather  becoming  thick  a^  ha!zy,  atid 
also  from  the  volcano  itself  being  clearly  more  quiescent  tiian  it  was 
tfare  preceding  day.  It  seldom  emitted  any  lightning,  but  occasion* 
ally  as  nnicfa  flame  as  may  be  seeti  to  issue  froot  tb|e  top  of  a  glass- 
house or  foundery  chimney. 

On  passing  directly  under  the  great  cloud  of  sitfoke,  abotit  three 
or  four  miles  distant  from  the  volcano,  the  decks  of  the  ship  wete 
covered  with  fine  black  ashes,  which  fell  intermixt  with  small  raiti. 
We  returned  the  next  morning,  and  late  on  the  evening  of  the  same 
day  I  took  my  leave  of  St.  Michael's  to  complete  my  cruize. 

On  opening  the  volcano  clear  of  the  NW  part  of  the  island, 
after  dark  on  the  l6th,  we  witnessed  one  or  two  eruptions  that,  h^d 
the  ship  been  near  enough,  would  have  been  awfully  grand.  It  ap- 
peared one  continued  blaze  of  lightning;  but  the  distance  which 
it  was  at  from  the  ship,  upwards  of  twenty  miles,  prevented  our  seeing 
it  with  effect. 

Returning  again  towards  St.Michaers  on  the  4^  of  July,  I  was 
obliged,  by  the  state  of  the  wind,  to  pass  with  the  ship  very  close  to 
the  island,  which  wtisnbw  completely  formed  by  the  volcano,  being 
nearly  the  height  of  Matlock  High  Tor,  about  dghty  yai'ds  above 
the  sea.  At  thi^  time  it  was  perfectly  tranquH ;  which  circumstance 
determined  me  to  land,  and  explone  it  more  narroWly. 

I  lef^'the  skip  in'ode  of  the'  boats,  accompanied  by  some  of  the 
officers.  As  we  approached;  we  perceived  that  was  still  smoking  in 
many  parts,  atid  upon*  our  reaching  the  isfaukf  foutid  the  sUrf  on  the 
b^ach  very  high.    RoWlti|^  romid  to  the  iee  sMe,  with  sdme  UttT^ 
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difficulty,  b^  the  aid  of  an  oar,  as  a  pole,  I  jumped  on  shore,  and  was 
followed  by  the  other  olftcers.  •  We  found  a  narrow  beach  of  black 
ashes,  from  which  the  side  of  the  island  rose  in  general  too  steep  to 
admit  of  our  ascending ;  and  where  we  could  have  clambered  up* 
the  mass  of  matter  was  much  too  hot  to  allow  our  proceeding  more 
than  a  few  yards  in  the  ascent. 

The  declivity  below  the  surface  of  the  sea  was  equally  steep, 
having<»  even  fathoms  water  scarce  the  boat's  length  from  the  shbre, 
and  at  the  distance  of  twenty  or  thirty  yards  we  sounded  twenty-five 
fathoms. 

From  walking  round  it  in  about  twelve  minutes,  I  should  judgt 
that  it  was  something  less  than  a  mile  in  circumference ;  but  the 
most  extraordinary  part  was  the  crater,  the  mouth  of  which,  on  the 
side  facing  St.  Michaers,  was  nearly  level  with  the  sea.  It  was  filled 
with  water,  at  that  time  boiling,  and  was  emptying  itself  into  the 
sea  by  a  small  stream  about  six  yards  over,  and  by  which  I  should 
suppose  it  was  continually  filled  again  at  high  water.  This  stream,  ' 
dose  to  the  edge  of  the  sea;  was  so  hot,  as  only  to  admit  the  finger 
to  be  dipped  suddenly  in,  and  taken  out  again  immediately. 

It  appeared  evident,  by  the  formation  of  this  part  of  the  island, 
that  the  sea  had,  during  the  eruptions,  broke  into  the  crater  m  two 
places,  as  the  east  side  of  the  small  stream  was  bounded  by  a  pre- 
cipice, a  cliff  between  twenty  and  thirty  feet  high  forming  a  penin- 
sula of  about  the  same  dimensions  in  width,  and  from  fifty  to  sixty 
feet  long,  connected  with  the,  other  part  of  the  island  by  a  narrow 
ridge  of  cinders  and  lava,  as  an  isthmus  of  from  forty  to  fifty  feet 
in  length,  from  which  the  crater  rose  in  the  form  of  an  amphi- 
theatre. 

Thb  clifi^,  at  two  or  three  miles  distance  from  the  island,  bad  the 
appearance  of  a  work  of  art  resembling  a  small  fort  or  block-house. 
The  top  of  this  we  were  determined,  if  possible,  to  attain ;  but  the 
difficulty  we  had  to  encounter  in  doing  so  was  considerable ;  the  only 
way  to  attempt  It  was  up  the  side  of  the  isthmus^  which  was  so  steep 
that  the  only  mode  by  which  we  could  effect  it,  was  by  fixing  the 
end  of  an  oar  at  the  base,  with  the  assistance  of  which  we  forced 
ourselves  up  in  nearly  a  backward  direction* 

Having  reached  the  summit  of  the  isthmus,  we  found  another 
difficulty,  for  it  was  impossible  to  walk  upon  it,  as  the  descent  on 
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t!i«  other  side  was  immediate,  and  as  sleiBp  as  the  one  we  hail 
ascended  ;  but  b^  throwing  our  legs  across  it,  as  would  be  done  on 
the  ridge  of  a  house,  and  moving  ourselves  forward  by  our  hands, 
weat  length  reached  that  part  of  it  where  it  gradually  widened  itbelf 
and  formed  the  summit  of  the  cii^  which  we  found  to  have  a  per- 
fectly flat  surface,  of  the  dimensions  before  state<]* 

Judging  this  to  be  the  most  conspicuous  situation,  we  here  planted 
the  Union,  and  left  a  bottle  sealed  up  containing  a  small  account  of 
the  origin  of  the  island,  and  of  our  havhig  landed  upon  it,  and  nam* 
ing  it  Sabrina  Island. 

Within  the  crater  I  found  the  complete  skeleton  of  a  guard  fish, 
the  bones  of  which  being  perfectly  burnt,  fell  to  pieces  upon  at* 
tempting  to  take  them  up ;  and  by  the  account  of  the  inhabitants 
on  the  coast  of  St.  Michael's,  great  numbers  of  fish  had  been  de* 
slroyed  during  th^e  early  part  of  the  eruption,  as  large  quantities, 
probably  suflbcated  or  poisoned,  were  occasionally  found  drifted 
'into  the  small  inlets  or  bays. 

The  island,  like  other  volcanic  productions,  b  composed  prinei« 
pally  of  porous  substances,  and  generally  burnt  to  complete  cinders, 
with  occasional  masses  of  a  stone,  which  I  should  suppose  to  be^  a 
mixture  of  iron  and  lime-stone. 

ILowenom.  Payne's  Geog.  Extr.  PhiL  Trans^  1728. 1812.J 


CHAP.  XVII. 

MINERALOGICAL  REMARKS  ON    THE    NATURE  OF  VOLCANIC 
MATERIALS. 


1  HIS  is  a  subject  which  still  requures  the  attention  of  oryctologists. 
We  are  scarcely  acquainted,  says  Dr.  Thomson  in  his  History  of  the 
Royal  Society,  with  the  nature  of  the  rocks  of  which  Etna  or  Vesuvius 
b  composed :  indeed,  the  task  is  extremely  difficult;  for  these  moun* 
tains  are  so  surrounded  with  lava  on  all  sides,  that  the  rock  itself,  of 
which  \he  mountain  consisted  before  the  volcano  commenced,  may 
jperhaps  be  enturely  concealed  from  view.    The  prodigious  extent  of 
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£tiia«  alMHit  a  hundred  miles  io  circumference,  and  the  vast  nniiH 
ber  of  volcanic  bills  attached  to  its  sides,  at  least  forty-four  in 
number,  render  the  geo^ostic  examination  of  the  rocks,  of  which 
it  was  originally  composed,  almost  impossible.  Sir  William  Hamil- 
ton and  several  other  writers  on  volcanoes  suppose,  that,  previous 
to  the  commencement  of  the  volcano^  no  mountain  whatever  ex- 
isted I  and  that  the  whole  mountain  has  been  formed  by  successive 
eruptions  from  the  crater.  But  this  opinion  is  both  improbable  in 
itselt^  and  destitute  of  evidence.  Werner  conceives^  that  volcanic 
bills  are  always  composed  of  green  stone,  basalt^  and  the  other  rocks 
which  constitute  the  independent  coal  formation,  and  the  floetz- 
trap.  But  the  observations  of  Humboldt,  on  the  volcanoes  of 
America,  will  not  admit  of  such  conclusions ;  unless,  indeed,  we 
conceive  granite  and  porphyry  to  belong  to  these  formations;  a  sup- 
position uot  very  improbable,  if  we  attend  to  the  late  observations 
of  Von  Buch  and  Professor  Jameson ;  the  former  of  whom  in  Nor- 
way, and  the  latter  in  Scotland,  have  found  granite  among  secondary 
rocks. 

Geologists  are  still  deplorably  ignorant  of  every  thing  relating  to 
volcanic  rocks.  As  a  proof  of  this,  it  may  be  stated  with  truth, 
that  the  best  treatise  on  volcanoes,  which  has  hitherto  appeared) 
was  written  by  B^rgm^nn,  and  published  before  the  year  1780. 
Pven  lava  itself,  or  the  melted  matter  which  issues  from  volcanoes, 
baa  been  frequently  confounded  with  basalt  and  green-stone.  At  one 
timie  it  was  the  fashion  to  consider  all  hills  composed  of  these  two 
last  rocks  ;  and,  in  short,  all  fioetz-trap  hills  as  extinct  volcanoes. 
Thus,  Fojas  de  St.  Fond,  in  his  travels  through  Scotland,  €nds  every 
where  abundance  of  extinct  volcanoes ;  and  Mr.  Raspe  inserted  a 
piper  in  the  Philosophical  Transactions,  describing  similar  hills  in 
Hessia,  under  the  same  ap^Uation  *.  In  like  manner,  the  hills  of 
Auvergne,  in  France,  have  been  considered  as  extinct  volcanoes  by 
the  French  mineralogists ;  even  D'Aubalsson,  who  was  educated  in 
im  opposite  school,  has  come  to  the  same  conclusion.  Notwith- 
standing this>  there  can  be  little  doubt  that  these  hills  stand  in  the 
same  predicament  with  the  floetz-trap  hills  of  Scotland  and  Ger- 
many. These  opinions,  respecting  the  volcanic  nature  of  basalt  and 
green-stone,  are  now  pretty  generally  laid  aside.    The  followers  of 


♦  Phil.  Trans.  1771.  vol.  Ixi.  p.  580. 
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pr.Hatton,  indeed,  contend  that  they  havc^  been  melted  hy  heat, 
but  do  not  suppose  that  they  have  ever  belonged  to  a  volcap^p 
mountain. 

Considerable  doubts  are  entertained  by  some>  whether  pumice  be  a 
volcanic  substance  or  not ;  and  these  doubts  are  founded  on  the  sup- 
position that  pumice,  though  often  observed  in  the  neighbourhood  of 
volcanoes,  has  never  been  seen  mixed  with  lava,  or  actually  flowing'froffl 
a  volcano.  If  the  evidence  of  Toumefort  be  considered  as  sufficient, 
there  can  be  no  doubt  that  pumice  is  occasionally  thrown  out  of  vol- 
canoes ;  for  he  describes  various  examples  of  it  in  his  Voyage  to  th^ 
Levant.  Pumice  has  been  repeatedly  observed  floating  on  the  sur- 
face of  the  sea,  in  immense  quantity.  To  give  one  example,  Mr. 
Dove^  the  captain  of  an  ludiaman,  observed  it  floating  in  the  At* 
lantic  Ocean,  in  immense  abundance,  over  a  tract  of  not  less  than 
317  miles  in  length.  The  pumice  was  first  observed  in  south  lati-. 
tude  35^  36^,  west  longitude  4^  9^,  and  the  shoals  of  it  continued 
for  several  days  *•  Now  it  is  impossible  to  account  for  such  ap- 
pearances on  any  other  supposition  thati  that  the  pumice  has  been 
thrown  from  the  bottom  of  the  seaby  some  volcanic  force;  apd,  if 
that  be  admitted,  it  will  follow  that  pumice,  at  least  some  times, 
though  perhaps  not  always,  is  volcanic. 

The  following  observs^tions  of  Spalanzani  upon  an  accurate  investi* 
gation  of  the  Solfatarafy  near  Naples,  are  peculiarly  entitled  to  the 
attention  of  the  mineralogist. 

♦  Phil.  Trans.  1728.  vol.  xxxv.  p.  444. 
.  f  The  lofty  side  of  Solfatara,  near  Naples,  seems  to  exhibit,  in  a  mf* 
nnter  degree,  whateyer  is  seen  of  this  horrible  kind  on  the  great  theatre  ot, 
nature.  This  plain,  which  is  about  twelve  hundred  feet  long,  and  a  thousand 
broad,  is  eionbosomed  in  mountains,  and  has  in  the  middle  of  it  a  lake  of  noi- 
some blackish  water,  covered  with  a  bitumen  thai  floats  iipon  its  snr&ce.  In 
every  part  of  this  plain,  caverns  appear  smoking  with  sulphur,  and  often  emit- 
ting flames.  The  earth,  wherever  we  walk  over  it,  trembles  beneath  the  feet. 
Noisc^  of  flames,  and  the  hissing  of  waters,  are  heard  at  the  bottom.  The  wa* 
ter  sometimes  spouts  np  eight  or  ten  feet  high.  The  most  noisome  fumes,  foetid 
water,  and  sulphureons  vaponrs,  offend  the  smell.  A  $itone  thrown  into  any  of 
the  caverns,  it  ejected  again  with  considerable  violence.  These  appearances 
generally  prevail  when  the  sea  is  any  ways  disturbed ;  and  the  whole  ^eiqg  ta 
exhibit  marks  of  an  earthquake  in  miniature. 
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The  beautiful  city  of  Naples  is  entirely  founded  on  volcanic  sub- 
stances. Among  these  the  tufa  predominates,  which  has  also  con- 
tributed not  a  little  to  the  materials  of  many  buildings.  To  the 
north  and  west  it  is  accumulated  in  large  heaps,  and  forms  spacious 
hHls.  A  philoso)>hical  stranger,  on  his  arrival  in  this  country,  when 
be  views  these  immense  masses  of  a  substance  which  must  excite  in 
his  mind  the  idea  of  fire,  cannot  but  feel  astonishment,  and  enquire 
with  a  kmd  of  serious  thougfatfulness,  what  has  been  their  origin.  It 
is  known  that  on  this  subject  naturalists  are  divided.  Some  conjec- 
ture that  the  volcanic  tufa  was  generated  within  the  sea  when  it 
lathed  the  foot  of  the  buruing  mounlains ;  others  suppose  that  the 
cinders  ejected  by  the  fire,  have,  in  a  long  course  of  years,  been 
hardened  Into  this  species  of  stone  by  the  filtration  of  rain  water ; 
lastly,  others  incline  to  think  that  the  tufa  derives  its  origin  from  the 
slimy  and  fluid  substances  thrown  out  by  the  volcanoes  in  some  of 
their  eruptions. 

The  diversity  of  volcanic  tufas  has,  perhaps,  been  the  cause  of 
these  different  opinions,  each  of  which  may  possibly  be  true  with 
respect  to  different  kinds  of  tufa.  Those,  however,  which  are  found 
in  the  vicinity  of  Naples  are  probably  the  produce  of  thick  erup- 
tions, as  we  may  coodnde  from  the  curious  discovery  of  Sir  William 
Hamilton,  who,  in  digging  up,  in  the  tufii  whicb  had  covered  Her- 
colanenm,  the  head  of  an  antique  statue,  observed  that  the  perfect 
impression  of  the  h^ad  was  visible  in  the  tufa,  which  cannot  be  sup- 
posed  to  have  happened  but  by  its  having  enveloped  the  statue  in  a 
liquid  or  moist  state. 

To  the  observation  of  Sir  William  let  me  be  permitted  to  add  one 
of  my  own,  whicb  I  made  in  the  grotto  of  Piisilipo.  It  is  well 
known  that  this  grotto  has  been  excavated  within  the  tufa,  and  serves 
as  a  public  road  from  Naples  to  Pozzuolo.  This  tufa,  which  is  of 
a  dear  grey,  has  for  its  base  an  earth  in  part  argillaceous,  of  a  slight 
hardness,  which  coutains  vitreous  flakes,  pieces  of  feltspars  and 
fragments  of  yellowish  pumice-stone,  which  by  the  changes  it  has 
undergone  has  become  extremely  friable,  and  almost  reducible  to 
powder.  This  tufa  has  been  in  some  measure  analysed  by  the  ex-* 
cavation  made  in  by  art,  which  furnishes  a  proof  of  the  nature  of 
its  origin.  For  if  any  person,  in  the  summer  time,  enters  the  grotto 
about  the  rising  of  the  sun,  since  at  other  times  of  the  day  there  lit 
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not  sufficient  light ;  the  solar  rays,  sbiniBg  on  the  entrance  which 
looks  towards  Naples,  will  sufBctently  illuminate  the  roof  and  sider 
to  shew  layers  or  flakes,  similar  to  those  which  may  be  observed  on 
the  steep  sides  of  mountains,  or  in  perpendicular  sections  of  the 
earth>  in  low  places,  where  sediments  of  various  kinds  of  slime  have 
been  formed  by  the  inundations  of  rivers.  It  seems,  however,  im- 
possible to  doubt,  that  this  accumulation  of  tufa,  through  the  midst 
of  which  the  Romans  opened  that  long  and  spacious  grotto,  ha^ 
been  produced  by  the  thick  eruptions  which  have  frequently  issued 
from  volcanoes,  and  which>  heaping  up  one  upon  another,  hav«' 
hardened  in  time  into  this  tufaceous  stone ;  since  both  Vesuvius  and. 
Etna  furnish  sufficient  examples  of  such  eruptions.  And  as  in  many 
other  tufas  in  the  vicinity  I  have  observed  a  similar  constructure,  I 
^cannot  suppose  their  origin  to  have  been  different. 

Coming  out  of  this  subterraneous  passage,  and  proceeding  towards 
Solfatara,  I  observed;  on  the  right-hand  side  of  the  road,  a  ridge  of 
lava,  nearly  parallel  with  it,  which  had  ^very  appearance  of  having 
been  thrown  out  of  the  volcano'  when  burning,  both  because  it  was  . 
extremely  near  to  it,  and  had  its  highest  part  in  that  direction.  Its 
thickness  exceeded  tivc-and-thirty  feet,  and  it  was  situated  between 
two  layers  of  tufa,  one  above  and  the  other  below.  It  formed  a 
high  rock,  perpendicular  to  one  side  of  the  road.  A  number  of 
labourers  were  continually  employed  in  separating  pieces  of  this 
lava,  with  pickaxes,  or  other  instruments  proper  for  sucbwork.  It 
is  compact,  heavy^  somewhat  vitreous,  gives  eparks  with  steely  and 
appeared  to  me  to  have  for  its  base  the  petrosilex.  Incorporated 
with  it  are  found  shoerls  and  feltspavs.  The  former  are  shining^ 
of  a,dark  violet*colour,  in  shape  rectsingular  needles,  vitreotti,.ii» 
length  from  the  sixth  of  a  line  to  two  lines :  it  beside*  contains  a 
considerable  quantity  of  others  which  have  no  regular  form.  But 
the  fejtspars  are  more  conspicuous  than  the  shoeris;  both  from  their 
larger  size  and  greater  number.  They  are,  in  general,  of  a  flat 
rhomboidal  form,  and  consist  of  an  aggregate  of  small  white  la- 
mellae, dully  transparent,  brilliant,  marked  with  longitudinal  streaks 
parallel  to  each  other,  closely  adhering  together,  but  easily  ^a« 
rated  by  the  hammer,  giving  sparks  with  steel  more  readily  than  the 
lava;  and,  in  the  full  light  t>f  day,  exhibiting  that  changing  colour 
which  usually  accompauiet  this  stone.    The  largest  are  ten  linat . 
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long  and  six  broads  and  the  sqiaUfist  exceed  ooe  line.  The  ahoedi 
are  also  found  in  the  lava,  in  the  same  manner,  and  are  so  fixed  in  it, 
that  they  occupy  nearly  the  half  of  it.  It  is  imposuble  to  extricate 
them  entire.  They  are  distributed  within  it  without  any  order,  and 
frequently  cross  and  intersect  each  other  at  right  angles. 

In  some  situations  of  this  lava,  winch  are  more  than  other  ex* 
pp^  to  the  inclement  of  the  air  and  seasons,  the  feitspars  are 
visible  on  the  superficies,  by  a  mixture  of  emerald  and  paonazso, 
prob^ibly  occasioned  by  the  action  of  the  atmosphere,  as  from  the 
^ame  cause  some  volcanic  vitrifactions  acquire  externally  their  pe» 
culiar  colour* 

This  Uva  bf|s  not  equal  solidity  throughout,  being  in  some  places 
porous,  ojr  rather  cavernous  i  and,  b  some  of  its /varieties,  it  was 
rem^dkable,  that  it  abounded  with  specuhur  iron.  This  was  found 
in  very  thin  leaves,  for  the  most  part  closely  connected  together. 
These  arie  extremely  friable ;  aud  the  filler  being  passed  over  thera, 
they  adhere  to  it  like  particles  of  mica.  *  But  their  small  siae,  which, 
in  the  largest,  is  scarcely  a  line,  renders  it  necessary  to  make  use  of 
a  lens  to  examine  them  properly ;  by  the  aid  of  which  we  shall  find 
that  they  are  of  very  difiierent  shapes,  have  the  lustre  of  bumisbed 
steel,  and  that  many  of  them  appear  to  be  an  aggregate  of  small  thin 
scales,  closely  united. 

This  iron  acts  on  the  magnetic  needle,  at  the  distance  of  tvro 
lines.  Like  many  other  irons  exposed  to  the  air,  it  has  lu^quired 
polarity ;  attracting  the  needle  on  one  side,  and  repelling  it  6n  the 
other. 

When  we  extract  these  thm  scales  of  iron  from  the  lava,  and  ex- 
amine them  with  the  lens,  there  frequently  appear,  intermingled 
with  them*  various  fragments  of  micro8co|^c  tran^arent  prisms^ 
which  I  at  first  thought  to  be  shoerls,  or  feltspars;  but  which  after* 
wacds  I  rather  conceived  to  be  zeolites,  as  they  exhibited  the  ap- 
pearance of  radu  diverging  from  a  centre:  but  tlieir  extreme 
minuteness  rendered  it  in^ssible  accurately  to  ascertain  their 
species. 

Proceeding  along  the  road  to  Solfktara,  we  find  on  the  left  hand 
a  natural  ridge  of  rock,  formed  of  a  very  light  lava,  the  base  of 
which  is  horn-stone,  of  the  colour  of  blue  baked  brick,  of  a  coarse 
earthy  grai%  which  attaches  slightly  to  Oe  tongue*  am)  gives  an  av* 
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^Htaceous  sceoty  on  wetting  it,  or  even  merely  moistening  it  with  the 
breath  *. 

It  is  very  probable  that  this  lava  has  been  decomposed,  and  that 
the  decomposition  has  pen^rated  to  tiie  feltspars  with  which  it 
abounds,  as  tbey  are  becoine  very  friable,  though  they  in  general 
still  letain  their  natural  brilliancy. 

Having  made  these  cursory  observations,  I  proceeded  to  Solfa« 
lara:  nor  did  I  satisfy  myself  with  oue  visit  only,  but  repeated  it 
several  days;  being  extremely  desirous  carefully  to  examine,  and 
gain  every  information  relative  to  a  place  so  celebrated. 

Fiom  r>ading  the  notes  of  M.  Dietrich  to  Ferber's  Travels  in  IJaly, 
I  had  been  induced  t6  imagine  that  Soliatara  was  a  mountain  isolated 
oa  every  sidef;  but  the  truth  is,  it  is  connected  with  the  other  neigh* 
bouiing  mountains,  with  which  it  forms  an  uninterrupted  chain  of 
considerable  extent. 

It  would  be  but  of  littie  utility  for  me  to  describe  at  length  the 
fonn^  extent,  and  circuit  of  this  Pblegrean  field ;  the  various  <)ua* 
lities  of  the  hot  vapours  which  exhale  from  it ;  or  the  hollow  noise 
which  is  heard  on  striking  the  ground  in  various  parts  of  it ;  not  that 
these,  circumstances  were  not  carefully  examined  by  me,  or  that  I 
think  them  unworthy  of  my  narrative,  but  because  it  appears  to  me 
unnecessary  to  enlarge  on  them,  as  they  have  been  already  repeatedly 
described  by  a  great  number  of  travellers.  It  will,  in  my  opinion,  be 
more  agreeable  to  the  naturalist  to  proceed  t6  a  minute  examination 
of  the  prmcipal  productions  of  this  yet  unextinguished  volcano^  as 
they  have  hitherto  been,  for  the  most  part,  either  anobserved  oc 
passed  over  in  silence* 

In  the  obscurity  and  uncertainty  m  which  we  find  ourselves^  re« 
lative  to  the  causes  productive  of  subterraneous  conflagrations,  the 
spontaneous  inflammation  of  sulphnres  of  iron  (or  pyrites)  has  been 
considered  as  one  of  the  most  probable.  The  well-known  experi* 
ment  of  Lemery,  l^  which  a  simihir  conflagration  is  produced  by 

•  *  In  many  lavas,  the  scent  of  clay  is  perceived,  on  moistening  them  with 
the  bieath,  or  by  other  means :  whenever,  therefore,  I  m«y  hereafter  mention 
|he  ai^ilaceoos  Kent  of  lava,  I  always  understand  it  to  have  been  sabjected  to 
this  humectatlon,  thoguh  I  omit  to  mention  it,  to  avoid  prolixity** 

t  La  Solfatare  repr^nte  encore  aiyoiird*hui  une  montagne  assei  hXtvkt  ei 
isolie  de  tons  cbUa.-^Uttres  nir  la  Minerahgiey  ^c.  d$  tlUlkf  ^f, 
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mixing  filings  of  iron  with  powdered  sulphur  properly  mobtened 
has  given  great  support  to  this  opinion.  But  sdphures  of  iron,  in 
volcanic  couutries,  are  less  frequent  than  has  been  su[^>osed.  This 
has  been  clearly  proved  by  the  accurate  observations  of  mioeralo- 
Joists  who  have  written  on  them.  And  though  Sir  William  Ha- 
milton expressly  affirms  that  both  Etna  and  Vesuvius  abound  with 
them*,  it  is  now  well  known  that  he  mistook  the  shoerls  for  sul- 
phures  of  iron  (or  pyrites),  from  want  of  mineralogical  knowledge. 
In  fkct,  Signior  Doloiuieu,  in  his  Catalogo  Ragionato  de*  Prodotti 
dell*  Etna,  mentions  only  one  single  piece  of  lava  as  containing  sol- 
pure  of  iron :  and  the  Chevalier^Gieoni,  in  his  Litologia  Vesuviana, 
has  never  noticed  any  such  production.  In  Vulcano  and  Strombdi, 
two  islands  which  are  in.  a  state  of  actual  conflagration,  I  could  trace 
no  vestiges  of  such  sulphures.  As  the  same  kind  of  substance, 
therefore,  b  found  diffused  in  several  parts  of  Soliatara,  I  think  it 
well  deserves  that  we  should  carefully  consider  it,  and  the  bodies 
with  which  it  b  found  united. 

L  The  stones  which  I  here  undertake  to  describe  are  principally 
found  in  the  interior  sides  of  Soliatara.  The  first  I  shall  mentioR 
exhibits,  both  externally  and  internally,  a  number  of  shining  par- 
tides,  which,  when  examined  by  the  lens,  appear  to  be  small  aggre- 
gates  of  sulphure  of  iron,  some  crystallized  in  cubes,  others  in  globes, 
and  others  in  irregular  figures.  When  the  flame  of  the  blow.pipe  b 
applied  to  them,  they  begin  to  lose  their  yellow  colour,  which  quickly, 
in  consequence  of  theur  destruction,  entirely  disappears ;  when  as 
^our  slightly  sulphureous  b  emitted. 

Thb  substance  b  a  lava,  the  base  of  which  b  born-stone ;  in  part 
decomposed,  light,  firiable,  granulous,  and  of  a  cinereous  colour. 

II,  The  small  sulphures  of  iron  in  this  second  lava  are  less  nume- 
rous, but  in  their  qualities  very  analogous  to  that  already  described, 
except  that  they  are  less  decomposed  and  less  friable. 

III.  The  appearances  exhibited  by  thb  lava  are  two.  The  ei- 
temal  part  b  extremely  white,  and  so  decomposed  that  the  slightest 
blow  reduces  it  to  powder;  we  likewise  find  in  it  some  of  the  ex- 
ternal characters  of  ordmary  clay.  It  tenaciously  adheres  to  the 
inside  of  the  lip,  b  soft  to  tlie  touch,  and  becomes  stiU  more  so 

•  Bo(b  tbsse  mountains  abound  with  pjritti.~G0mj»t  Phkgr^, 
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Mfhen  slightly  moistened.  It  absorbs  water  greedily,  and  with  a  kin^ 
of  hissing  noise;  but  is  not  reducible  to  a  lubricioas  paste  as  clay  is. 
But  the  internal  part  of  this  lava,  besides  being  of  a  grey  colouri  is 
three-fourths  heavier,  and  in  its  compactness^  and  its  grain,  a^ 
proacbes  to  that  species  of  calcareous  ,earth,  called  caUorfius  ,^quak^ 
HHs,  though,  in  fact,  it  only  resembles  it  in  appearance,  not  being 
reduced  to  caU  by  fire,  nor  dissolved  by  acids.  Jn  this  lava,  the 
sulpfaure  of  iron  is  not  found  in  cubes  or  globes,  but  iu  thin  lamellae; 
and  is  dispersed  throughout  its  whole  substance,  especially  in  certaip 
parts,  where  the  colour  of  the  stone  inclines  to  blacjk,  and  has  a 
greater  consistency.  No  sign  of  *^his  mineral  appears  in  the  white 
decompounded  lava,  probably  because  it  was  destroyed  gradually^ 
in  proportion  as  the  decomposition  took  place. 

iV.  This  lava  is  much  heavier  than  the  tbnse  preceding;  which, 
no  doubt,  arises  from  the  greater  abundance  of  siilphure  of  iron  that 
it  contains.  T^e  shining  particles  of  this  mineral  are  principally  to 
be  seen  in  its  vacuities  (of  wbich^  however,  it  has  not  many).  They 
are  polyhedrons,  but  the  number  of  their  faces  is  not  constant. 
When  exposed  to  the  fire,  it  loses  its  brassy  colour,  bums  with  a  thio 
blue  flame,  and  emits  a  strong  smell  of  sulphur.  The  lava  which 
contains  it,  and  which  is  of  a  livid  grey  colour,  is  in  some  situations 
so  soft  that  it  may  be  scratched  with  the  nail,  but  in  others  much 
harder,  and  some  of  it  will  give  sparks  with  steel.  In  this  lava,  the 
base  of  which  appeared  to  me  to  be  horn-stone,  we  find  crystallize^ 
fehspars,  but  decompQsed,  though  less  so  than  the  lava  in  which  they 
are  inclosed. 

y^  Around  the  extensive  ptaim  of  Solfatara,  we  observe,  in  several 
places,  a  circular  ridge  of  steep  rocks,  which  once  formed  the  upper 
sides  of  this  enormous  crater.  The  rain  water,  descending  this 
declivity,  over  the  decomposed  lava,  carries  down  with  it  the  more 
minute  parts  to  the  lower  grounds,  where  various  concretions  are 
produced,  especially  those  stalactites  which  are  commonly  called 
ooliies,  or  pisolites  *.  But  of  these  stalactites  we  shall  speak  here- 
after. Here  we  shall  only  notice,  that  this  water,  in  its  descent, 
carries  down  with  it  small  pieces  of  decomposed  lava,  and  that,  in 
»    .  **    ' 

♦  Varieties  of  the  Tophm  ooNthus  of  the  Syst.  Nat,  or  U|e  Compact  l,im^ 
stme  pf  Kirwaiit 
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some  places,  many  of  these  pieces  are  found  united,  and  bound  to« 
gether  by  a  crust  of  sulphure  of  iron.  It  is  black  where  it  is  exposed 
Co  the  immediate  action  of  tlie^ir,  but,  in  the  fractures  of  a  shining 
appenrance,  though  the  colour  inclines  more  to  a  lead-colour  than  to 
yellow.  Its  structure  is  scaly.  The  sulphures  of  iron  which  have 
before  been  mentioned  give  fire  with  steel ;  but  this  does  not,  from 
want  of  sitffcient  hardness.  It  abounds  with  8ul|ihur ;  since,  being 
exposed  to  the  flame  of  the  btowpipe,  it  visibly  melts,  and,  the 
activity  of  the  fire  being  increased,  a  blue  flame  arises,  which  conti- 
nues till  the  crust  is  consumed,  nothing  remaining  but  a  very  small 
quantity  of  a  white  palverous  earth,  which  b  no  other  than  a  portion 
of  decomposed  lava,  Uiat  had  been  united  with  this  sulphqr. 

With  this  sulphur,  the  presence  of  which  is  extremely  manifest 
from  its  strong  smell,  is  also  united  arsenic;  ^8  sufficiently  appears 
from  the  white  fimies  which  arise  from  the  combusUon  of  the  sul- 
phure of  iron,  and  which  emit  a  very  sensible  odour  of  garlic, 

These  are  the  volcanic  matters  which,  at  Solfatara,  abound  more 

or  less  with  sulpliures  of  iron.    But  whence  is  their  origin!   It  is 

well  known  they  are  formed  by  the  combinaUon  of  sulphur  with  iron. 

With  the  former  this  volcano  abounds,  whence  it  obtained  the  name 

of  Solfatara;  and,  as  the  latter  is  almost  always  ^uud  mixed  with 

volcanic  productions,  which  commonly  derive  from  it  their  varying 

colours,  we  have  thus  the  two  proximate  principleji  of  sulphure 

of  iron     But  is  their  combination  efiected  by  the  dry,  or,  as  is 

more  probable,  by  the  humid  way  1  1  find  it  difficult  to  conceive 

how  it  can  take  place  by  the  first  method,  on  account  of  the  speedy 

dissipation  of  the  sulphur  sublimed  by  fire,  which  must  prevent  its 

uniting  with  the  iron  to  form  these  sulphures.    It  ajHpears  to  me 

more  probable  that  they  have  been  formed  by  the  action  of  water, 

which  having  penetrated  the  lava,  the  sulphur,  dissolving  in  the  fliud, 

has  combined  with  the  iron.     But  as  such  solutions  of  sulplmr  m 

water  seldom  take  place,  as  Bergman  has  observed,  we  rarely  find 

sulphures  of  iron,  in  volcanized  countries,  notwithstanding  the  ex- 

Utence  of  these  twb  minerals. 

'  But  let  us  continue  the  description  of  the  productions  pf  this 
celebrated  place,  the  greater  part  of  which  are  deporoposed  Javas; 
though  this  decomposition,  notwithstanding  it  has  been  noticed  by 
several  writers,  has  not,  to  my  knowledge,  been  examined  by  any 
poe  with  requisite  care  and  attention. 


Digitized 


by  Google 


tilB  i^AtUkE  OF  VOLCANIC  MATERIALS*  51*^ 

Vl.  Tliis  lava  is  coloured  im  the  upper  part  with  a  covering  of 
jfellow  oxyde  of  iron,  under  ii^hich  is  a  >vhite  decomposed  stratum^ 
to  which  corresponds  another  lower  one  of  a  cinereous  colour,  where 
the  lava  is  tiiuch  less  Chatiged.  These  twd  stt-ata  form  a  very  strong 
(contrast.  The  white  may  be  cikt  with  a  knife,  in  some  places  more 
easily  dnd  in  some  less ;  adheres  to  the  tongue^  does  not  give  sparks 
with  steel,  feels  soft  to  the  wet  finger  passed  over  it^  has  consiHer^ 
able  lightness^  and  being  struck  with  a  hammer^,  gives  a  dull  sounds 
like  earth  moderately  hardened.  On  the  contrary  the  cinereous 
stratum  sounds,  when  struck  with  a  hammer^  like  a  hard  stone,  of 
which  it  also  has  the  weight ;  is  rough  to  the  tduch,  scarcely  at  all 
adheres  to  the  tongue,  gives  fire  with  steel,  and  cannot  be  cot  with 
the  knife*  The  white  stratum  in  some  places,  is  an  inch  thick,  and 
in  others  more^  but  there  are  likewise  places  where  it  is  only  a  few 
lines  m  thickness.  The  wlrite  stratum,  in  general,  changes  insen* 
sibly  into  the  cinereous,  but  in  tome  places  the  separation  is  sudden 
and  abrupt*  f 

The  feltspdrs  in  fhb  lava  (for  6f  these  it  is  full)  are  prisma ;  thd 
largest  of  which  are  ten  lines  in  length,  and  the  smallest  the  ditih  of 
a  Ihie.  In  the  cinereous  stratum,  notwithstanding  a  beginning  de« 
composition  may  be  perceived,  the  feltspars  are  unimpaired*  On 
the  contrary,  in  the  more  decomposed  stratum^  I  mean  the  white, 
their  decomposition  is  very  apparent  $  they  have  all  lost  their  trans* 
parency,  though  many  of  them  still  retain  their  splendour.  Others 
hftve  acquired  a  resemblance  to  a  sulphate  of  lime  that  has  I'emained 
some  time  in  the  fire ;  to  which  they  might  likewise  be  compai'ed  iii 
softness,  had  they  a  littk  less  consistence.  Some  of  them  are  in- 
fixed in  that  part  of  the  lava,  the  colour  of  which  is  between  the 
cinereous  and  white,  and  here  we  find  them  less  changed  th^n  in  the 
stratum  which  b  entirely  white.  Others  hate  one  part  of  them  in 
the  white,  and  the  other  in  the  cinereous  stratum ;  in  which  case  we 
find  the  part  fixed  in  the  latter  stratum  to  have  suffered  nothing,  but 
that  in  the  former  considerably.  In  shorty  from  the  inspection  of 
this  lava,  it  is  manifest,  that,  in  proportion  as  the  nature  of  it  is 
changed,  the  feltspars  it  contains  undergo  a  change,  except  when 
the  principle  produdng  the  alteration  is  unable  to  affect  them«  Be« 
sides  these  feltspars,  we' find  incorporated  with  the  lava  a  number  of 
very  small  and  almost  invisible  black  shoerls,  which  are  not  di&tiu« 
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guishable  where  the  lava  is  white;  less,  perhaps^  because  the^  da 
not  exist,  thau  because  they  have  lost  their  coloar,  ito  coaseqnenoe  of 
the  decomposition. 

This  lava,  which  is  of  a  iiiargaceouB  base,  does  dot  fiqaify  in  the 
furnace,  when  its  decompiMition  is  considerable ;  but  other  parts  of 
it,  which  have  been  less  decomposed,  are  reduced  to  a  kind  of  frit. 

VII.  Solfatara,  perhaps,  does  not  afford  a  lava  more  compact,hard, 
heavy,  or  of  finer  grain  than  this.  Its  composition  is  siliceous,  its 
colour  grey,  it  gives  sparks  strongly  with  steel,  and,  at  the  distance 
of  two  lines,  attracts  the  magnetic  needle.  Its  base  is  of  the  petro* 
silex,  and  it  contains  within  it  different  feltspars  and  shoerb ;  but 
some  of  the  lattev  have  been  melted  by  the  fire,  as  appears  from  the 
bubbles  or  speckles  occasioned  by  theliquiiactioo.  ^is  lava  is  go* 
vered  with  a  very  wliite  crust,  nearly  an  inch  thick,  produced  by  the 
decomposition  it  has  undergone.  The  effects  of  the  furnace  on  this 
lava,  are  nearly  th^  same  with  those  on  t)ie  lava  No.  VI. 

yill.  This  lava  is  entirely  decomposed.  On  the  surface,  and  for 
some  depth,  it  is  white,  and  almost  pnlverous;  but  in  the  internal 
part  the  white  colour  changes  mto  a  reddish  blue,,  and  acqnues  ade- 
gree  of  hardness ;  though  not  too  great  to  be  cut  with  a  knife.  The 
feltspars,  in  which  it  aboundi^  have  suffered  difiereot  degrees  of  de- 
composition. Some  of  them,  beades  being  calcined,  attach  strongly 
to  the  tongue*  Others,  when  viewed  with  a  common  lens,  appear 
foil  of  filaments ;  but  when  examiaed  with  a  deeper  magnifier, these 
filaments  appear  to  be  no  other  than  extremely  tUn,  strkled,  and 
very  friable  laminse.    Thb  production  is  infusible  in  the  fureace.. 

IX.  The  feltspars,  m  this  lava,  occiquy  move  than  one-third  of 
its  mass.  They  are  in  shape  flat  prisms,  and,  except  having  some* 
what  less  hardness^  retain  all  the  qualities  which  characterize  the 
species  of  stone  to  which  they  belong.  There  are  also  a  number  of 
shoerls,  which,  from  their  extreme  minuteness,  appfcar  like  points, 
but  are  easily  distinguishable,  by  theur  Mack  colour,  from  the  lava, 
which  is  whkish,  and  has  greater  consistence  than  that  of  No.  VIIL 
It  is  likewise  heavier;  to  which  the  quantity  of  fidtspars  but  little 
changed,  which  it  contains,  undoubtedly  contributes. 

X.  The  shoerb  which  make  so  great  a  part  of  the  other  kinds  ^ 
lava,  are  found  so  strongly  adherent  to  them,  that  we  usually  can 
only  separate  them  in  fragmenU.    The  present  hiva,  in  this  seq^t. 
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offers  an  exception  which  may  be  considered  as  recommendatory  of 
it.  It  has  acquired  so  great  a  degree  of  softness  by  its  decompo- 
sition>  that  the  numerous  shoerls  it  contains  may  be  detached  from 
it  entire.  They  are  hexagonal  prisms,  truncated  perpendicular  to 
their  axes,  the  faces  of«  which  are  sh'ghtly  striated  lengthwise,  and, 
their  colour  is  a  yellowish  black. 

In  this  lava,  the  base  of  which  appeared  to  me  of  horn-stone, 
another  more  remarkable  peculiarity  presents  itself.  On  breaking 
It,  the  fractures  discover  a  number  of  small  cavehis  jewelled,  if  I 
may  employ  the  term,  with  a  multitude  of  extremely  minute 
shoerls  of  different  colours,  some  green,  some  yeUow,  others  of  a 
dark  chesnut,  but  all  similar,  being  hexagonal  prisms,  with  rhom- 
boidal  fsices,  and  each  termhiating  in  a  dihedrous  pyramid.  Their 
angles  are  regular,  their  faces  shining,  and  in  part  transparent. 
They  sometimes  form  geodes  in  the  body  of  the  lava.  To  examine 
them  a  lens  is  necessary,  aiid  a  good  magnifier  clearly  to  perceive 
other  shoerls  still  more  minute*  These  are  infixed  in  the  small  ca- 
vities before  mentioned,  and  though  they  are  extended  to  a  con- 
siderable length  in  front  of  the  others  before  described,  are  so 
minute  anci  numerous  that  a  single  cavity  will  contain  a  hundred  of 
them.  Every  one  of  both  these  kmd  of  shoerls  has  one  extremity 
fixed  m  the  lava,  and  the  other  in  the  air,  and  all  together  appear 
like  a  wood  in  miniature.  I  was  at  first  in  doubt  whether  I  should 
consider  them  as  shoerls  or  volcanic  glass,  as  more  than  one  instance 
has  been  known  of  sudi  glass  reduced  to  a  capillary  minuteness 
within  lava.  But  the  latter  appeared  to  me  unprobable,  because 
after  all  tiie  observations  that  have  hitherto  been  made,  we  are  not 
yet  certain  that  any  volcanic  glass  has  been  found  crystallized;  for, 
with  respect  to  the  pretended  crystallization  of  Some  glasses  in  Ice- 
land, we  have  not  facts  which  demonstrate  it  incontrovertibly.  On 
the  other  hand,  the  minute  corpuscles  I  have  described,  if  not  all, 
at  least  those  which  from  then:  larger  size  are  more  descemible 
by  the  eye,  have  a  prismatic  figure,  and  analogy  must  induce  us  to 
conclude  the  same  of  the  rest. 

I  inclme  to  believe  these  infitiitesimal  crystallizations  produf^ed, 
after  the  cooling  of  the  lava  within  the  cavity  in  which  they  are 
found  from  extremely  subtle  shoerlaceous  sediments  by  the  filtra- 
tion of  water. 

2L  4 


Digitized  iDy 


Google 


5fO  klN£RAL06ICAL  BEMAaks  0^ 

'  XI.  The  oolites,  mentioned  in  No.  V.  lie  in  certain  small  chai^ 
nels  of  Solfatara,  through  which  the  water  runs  when  it  rains.  Thej 
are  either  round,  or  somewhat  flattened :  rather  more  than  half  aa 
inch  in  diameter,  white  as  snow,  extremely  light,  easily  crumbled^ 
and  convertible  into  an  almost  impalpable  powder.  They  adhere 
stroQgly  to  the  tongue,  and  are  composed  of  a  ouinber  of  thin  scales. 
The  formation,  therefore,  of  this  volcanic  stalactites  does  not  diSkr 
from  that  of  the  other  species.  - 

It  would  be  superfluous  to  speak  here  of  the  sulphate  of  lime 
adhering  to  some  kinds  of  lava,  or  of  the  sulphate  of  irou  and  the 
oxyde  of  red  sulphurate  arsenic,  as  these  productions  of  Solfatafa 
have  already  been  sufficiently  examined  and  .described  by  others*  and 
I  have  no  particular  observations  concerning  them  which  merit  to  be; 
mentioned. 

XII.  It  is  not  uncommon  to  find  at  Sdfetara  pumices  of  various 
species ;  and  it  is  more  probable  that  they  have  been  thrown  out  of 
this  volcano  than  from  any  of  the  others.  We  do  not  find  them  in 
great  masses,  as  in  other  places,  but  in  detached  pieces  and  ihig^ 
ments.  I  shall  only  remark  one  particular  relative  to  them,  as  it 
appears  to  me  that  in  every  other  respect  they  perfectly  resemble 
those  already  known.  We  now  know  that  pumice  b  only  a  gUss 
which  wants  but  little  of  being  perfect ;  and  seems  to  require  onl^r 
a  degree  more  of  heat  to  become  such.  The  transition  front  glass- 
less  perfect  to  perfect,  may  be  perceived  in  some  of  these  iiumioes 
in  a  very  evident  manner.  In  some  places  their  texture  is  fibrous, 
and  the  fibres  are  vitreous ;  but  without  that  smoothness,  that  lustre, 
and  that  degree  of  transparency,  which  are  iiiseparable  from  volcanic 
glasses.  But»  following  them  with  the  eye,  we  perceive  them  con- 
solidate, here  and  there,  into  masses  of  various  sizes,  which  n  sembie 
a  shining  and  smooth  varnish,  but  are  in  fact  perfect  glass^  as  will 
sufficiently  appear,  if  they  be  detached  from  the  pumice^  and  ex« 
amined  separately.  These  are  sufficiently  hard  to  give  sparks  with 
steel,  a  property  observable  in  every  volcanic  glass* 

Having  now  described  the  principal  productions  of  the  interior 

part  of  Solfatara,  I  shall  proceed  to  make  a  few  observations  on 

some  which  are  found  in  its  exterior ;  in  that  part  which  is  next  ta 

the  Pisciarelli,  so  called  from  the  warm  bubbling  water  whit  h  %sues 

.  with  some  noise  from  the  bottom  of  a  little  hill  contiguous  to  this 
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tolcano,  and  which  has  been  long  celebrated  for  its  medicinal  vir- 
tues. I  collected  here  specimeos  of  five  kinds  of  lata ;  but,  as  in 
their  general  qualities  they  are  analogous  to  those  already  described, 
I  shall  only  mention  them  in  a  cursory  manner. 

XIII.  The  first  specimen  is  a  simple  or  homogeneous  lava,  in 
which,  notwithstanding  the  most  careful  examination,  I  could  not 
discover  either  shoerls,  teltspars,  or  any  extraneous  body.  In  other 
respects,  like  those  before  mentioned,  it  is  decomposed,  adheres  to 
the  tongue,  is  friable,  but  without  crumbling  under  the  finger;  its 
whiteness  extends  through  its  whole  mass,  and  wherever  it  is  broken 
has  the  taste  of  sulphate  of  alumine,  (or  alum). 

XIV.  Th£  second  specimen,  through  nearly  h^alf  of  it,  exhibits  a 
nniilar  decomposition,  and  is  of  a  white  colour ;  but  the  other  half^ 
which  is  of  a  lead  colour,  has  suffered  little,  gives  sparks  strongly 
with  steel,  and  moves  the  magnetic  needle  at  two-  lines  distance. 
This  lava  has  for  its  base  the  petrosilex.  Both  that  part  of  it  which 
is  slightly  decomposed,  and  the  other  which  is  more  so,  contain 

.  ibomboidal  feltspars,  of  whfch  the  largest  are  about  an  inch  in 
length.  Their  alteration  is  scarcely  vbible  where  the  lava  is  least 
changed ;  and  where  it  is  more,  they  exfoliate  with  some  facility, 
but  retain  a  considerable  degree  of  tlieir  natural  hardness  and 

'  splendour. 

XV.  The  third  specimen  is  a  lava  of  a  dark  grey  colour,  siliceous 
where  fractured,  very  compact^  and  which  gives  sparks  with  steel. 
It  is  of  a  petrosiliceous  base,  and  contains  abundance  of  feltspars 
and  shoerls.  But  to  shelir  these,  it  is  necessary  to  divest  it  of  a  thick, 
whitish,  and  half-pulverous  crust,  produced  by  its  decomposition.* 
In  this  crust  the  shoerls  and  feltspars  retain  some  consbtence,  but 
have  lost,  in  a  great  degree,  their  lustre. 

XVI«.  The  fourth  specimen  contains  within  it  a  nucleus  of  a  deep 
red  colour,  of  the  hardness  and  appearance  of  the  carbonates  of 
lime  (calcareous  earths),  of  a  fine  grain,  but  which  is  not  dissolved  or 
affected  by  acids,  nor  yields  sparks  with  steel.  It  attracts  the  mag- 
netic  needle  at  the  distance  of  one  line.  It  contains  a  number  of 
fissures,  through  which  has  penetrated,  together  with  water,  a 
quartzous  matter,  which  has  consolidated  into  a  serai-transparent, 
and  somewhat  rough,  covering.  In  this  lava,  which  is  but  little  de* 
composed,  are  found,  dispersed,  a  number  of  small  masses  of  sul- 
phur of  iron« 
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XVII.  Small  shoeris^  ancMarge  ci^rstaUiied  fdt^Min,  occHpy  die 
fubstaaceof  Ibis  last  lava»  which  is  tomewhat  porous,  but  saffi« 
ciently  hafd  to  give  sparks  with  steeL  It  is  covered  with  a  whitish- 
yellow  crust,  which  flakes  off  with  a  kiiife»  and  a  reddish  tiiic« 
tore  has  penetrated  to  its  iutemal  part,  which  is  of  a  Mackisb 
jpound. 

In  these  lavas  of  Pisciarelli>  the  decomposition  has»  Ifliewise,  been 
much  more  considerable,  than  in  the  feltspars  and  shoeris  which 
they  contain  within  them. 

I  do  not  pretend  to  be  certain  that  I  have  enumerated  all  the 
species  of  lava  to  be  found  at  Solfatara :  it  is  possible  there  may 
be  others  unobserved  by  me.  I  am  persuaded,  however,  that  I 
have  described  the  principal;  and  such  as  enable  me  to  deduce 
from  their  <]ualitiet  the  following  conclusions. 

1.  Almost  all  the  species  of  lava  hitherto  described^  are  more 
or  less  decomposed,  and  this  decomposition  is  usually  accompanied 
with  a  proportionable  degree  of  whiteness.  This  observation  has 
been  made  by  several  authors;  and  first  by  Sir  William  Hamilton, 
and  M.  Ferber>  who  have  endeavoured  to  account  for  the  fact  by  a 
very  plausible  redson,  which  is,  that  the  snlphureous^acid  vapours, 
which  issue  from  Solfatara,  and  must  havel>een  produced  in  an  in- 
finitely greater  quantity,  ^hen  the  conflagration  was  at  its  height^ 
penetrating  the  lava  by  degrees,  have  insensibly  softened  it,  and 
given  it  a  white  colour.  And,  in  fact,  similar  changes  are  observed 
to  take  phice  in  a  piece  of  black  lava,  exposed  for  a  suffident  time 
to  the  fbmes  of  burning  sulphur.  But  it  does  not  hence  Mkm  that 
this  lava  will  be  changed  into  an  aigillaeeoua  substance,  as  the 
above-mentioned  Swedish  philosopher  would  have  us  believe ;  smce, 
from  a  chemical  analysis,  it  appears  that  an  earth  of  that  kind,  com- 
bined with  other  principles^  pre-existed  in  it,  and  has  only  been  ren* 
dered  manifest  by  the  diminution  of  aggregation  produced  by  the 
before-mentioned  vapours. 

It  is  likewise  not  strictly  true  that  the  walls,  or  inclosmg  sides,  of 
Solfiitara  are  every  where  white  and  decomposed,  as  we  might 
infer  ^m  the  description  of  M.  Ferber.  Those  whp  lo<A  toward 
the  south,  indeed,  are  so,  but  not  those  which  are  situated  m  ano*  ' 
tber  dtfectioii,  and  especially  those  which  front  the  north,  which  are 
of  a  blackish  colour,  and  little,  or  not  at  all,  decomposed.  The 
Abb6  Breislak,  Director  of  Solfatara,  who  accompanied  me  when  I 
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tniidie  my  observations,  suggested  a  very  probable  reason  for  ai» 
diversity  of  appearance  in  the  different  sides^  observing  that  the  sul- 
phureous acid  is  less  powerful  to  effect  the  decomposition  of  lava^ 
and  requires  longer  time,  when  the  lava  has  con^derable  humidity  ; 
which  humidity  must  be  much  less  on  the  southern  side,  where  the^ 
heat  of  the  sun  is  greatest.  In  fact,  he  exposed  a  piece  of  solid 
lava,  to  a  very  humid  sulphureous  exhalation,  at  Solfatara, 
during  two  months,  without  producmg  m  it  the  least  decompo- 
sition. 

2*  The  observations  I  have  made,  convince  me  that  the  alterations 
here  desctitied  dways  tvke  place  in  the  upper  part  of  the  lava ;  and 
tfaatj  in  proportion  as  we  penetrate  downwards  into  it,  they  become 
gradudly  less,  and,  at  a  certain  depth,  entirely  cease.  This,  at  first 
view,  does  not  appear  to  accord  with  the  effect  of  sulphureous  va- 
pours^ whicht  rismg  from  the  bottom  of  Sol&tara,  and  passing 
through  the  lava,  m%ht  be  expected  to  cause  a  greater  change  in 
the  lower  pafts  than  the  higher,  from  their  havmg  there  greater  heat, 
and  consequently  beit^:  more  active.  But  we  must  consider  that 
thia  mi^  indeed  be  the  nature  of  their  action,  where  the  lava 
is  spongy,  or  at  least  very  porous,  but  not-where  it  i»  compact,  and 
almost  impenetrable  to  such  vapours ;  as  is  that  of  Solfatara.  And« 
in  fact,  we  6od  tliat  the  sulphureous  fumes  which  arise  there,  do  not 
issue  from  the  body  of  the  lava,  but  idways  from  fissures  or  aper« 
tures  in  it,  or  the  subjacent  tufii.  These  impediments,  therefore^ 
prevent  them  from  acting  except  on  the  surface,  when,  issuing  forth, 
they  are  driven  over  it  by  the  wind,  and,  penetrating  the  lava,  in  a 
long  course  of  time,  produce  the  changes  in  question.  We  meet 
with  few  deo<mipo3ed  laya^,  within  which  we  do  not  find  fra^nents 
of  sulphur  adherent,  condensed  tiiere  by  the  acids  above-mentioned,: 
and  which  are  of  the  same  kind  with  that  produced  in  such  abuii- 
dance  in  Sol&tara. 

But  what  productive  cause  shall  we  assign  for  those  sulphureous 
vapours^  the  slow  destroyers  of  the  lava,  which  continually  issue 
from  a  number  of  fissures  in  SoUitara,  in  the  form  of  hot  white 
fumes  1  I  can  conceive  no  principle  to  which  they  can  with  greater, 
probability  be  ascribed  than  those  snlphures  of  iron,  (pyrites),  which 
abound  at  the  bottom  of  the  volcano,  and  decomposing,  in  eonse* 
quenoe  of  a  mixtuie  with  the  subterraneous  waters,  stowly  inflamei 
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and  produce  tliose  hot  sulphureous  vapours.  Which  evidently  prov^ 
thai  the  subterraneous  conflagration  Is  not  entirely  extinguished^ 
The  noisy  effervescence,  likewise  which,  in  more  tlian  one  place  is 
beard  under  the  plain  of  Solfatara,  seems  to  give  a  certain  indication 
of  the  decomposition  of  these  sulphures 

The  streams  of  vapour,  which  arise  from  Solfieitara,  according  to 
Father  Delia  Torre*,  ni  the  night,  appear  like  flame.  No  person 
can  be  more  competent  to  ascertain  the  truth  of  this  fact  than  the 
Abb6  Breislak,  who  resides  near  the  place,  and  who,  when  I  ques- 
tioned him  on  the  subject,  assured  me  that  he, had  never  observed 
any  such  appearance.  It  is,  however,  not  impossible,  but  thatj  at 
the  time  he  observed  them,  they  might  have  undergone  some 
change. 

The  vapours  which  arise  from  the  ground  of  the  Pisciarelli  are 
very  few,  and  almost  insensible,  though  formerly  they  must  have 
been  numerous  and  strong,  as  may  be  Inferred  from  the  great 
decomposition  and  whiteness  of  the  lavas  found  there.  I  have 
already  mentioned  the  noise  with  which  the  springs  that  ^ar  this 
name  burst  from  the  earth.^  They  resemble  a  boiling  cauldron* 
The  reasons  assigned  for  this  phenomenon,  by  diflferent  authors,  are 
various,  but,  hitherto,  all  conjectural.  On  applymg  the  ear  to  the 
place  wheret  the  spring  issues,  we  may  hear  that  the  bubbHng  noise 
does  not  proceed  from  any  great  depth,  but  from  a  small  distance 
from  the  surface  of  the  earth.  Were  the  ground,  here,  to  be  dug 
into,  we  might,  perhaps,  be  able  to  discover  this  secret,  the  know* 
ledge^  of  which  might  prove  advantageous  to  volcanic  researches* 

3d,  We  have  seen  that  almost  all  the  lavas  of  Solfetara 
contain  within  them  shoerls  and  feltspars.  But  it  has  been  proved 
that  the  changes  occasioned  in  both  the  latter,  by  the  action  of  sul* 
phureous  acids,  are  considerably  less  than  those  which  take  place  in 
the  lavas  in  their  matrices ;  which  difference  must  arise  from  the  na- 
ture of  these  two  stones,  which  is  less  liable  to  extrinsic  injuries.  We 
find  them,  in  fact,  firmly  resist  the  power  of  the  humid  elements.  To 
the  south  of  Vesuvius,  and  at  a  little  distance  from  Salvatore,  I  have 
found  several  pieces  of  very  ancient  lava,  porous,  and  balf^con- 
sumed'  by  time,  which,  however,  preserved  unaltered  their  bteu^k 
crystallized  shoerls. 

*  Storia  del  Yenrrio. 


Digitized 


by  Google 


THE  NATVRB  OF  VOLCANIC  MATERIALS*  5^ 

.  It  has  been  observed  that  the  houses  of  Pompeii,  long  smce  over^ 
M'behned  by  Vesuvius,  and  now  iu  part  dug  into  and  cleared,  are 
found  to  have  been  built  of  lava.  I  have  ascertained  this  fact  oa 
the  spot.  TJiey  are  of  a  reddish  colour,  very  dry  to  the  touch,  and 
some  of  them  will  crumble  under  the  finger,  evident  proofs  of  the 
change  they  have  undergone  ;  but  no  such  alteration  has  taken 
place  in  the  shoerls  they  contain ;  they  still  retain  the  hardness  and 
glassy  splendour  which  is  appropriate  to  that  stone. 

We  likewise  know  that  the  feitspars  are  indestructible  by  the  air, 
9s  appears  iu  the  porphyries  of  wliich  they  are  a  part. 

4tb.  I  have  already  remarlied  that  the  lavas  of  Solfatara  usually 
have  for  their  basis  the  petrosilei^  and  the  horn-stone.  I  shall  add, 
that  I  have  also  met  with  the  granite  in  them,  though  not  in  a  large 
mass,  but  in  small  detached  pieces,  which  induced  me  to  doubt 
whether  they  properly  belong  to  this  volcano;  and  as  they  likewise 
appeared  to  me  untouched  by  the  fire,  I  rather  inclined  to  believe 
them  adventitious.  Thii  granite  consbts  of  two  syb^tances,  quartz 
and  shoerl. 

But  another  production  must  not  be  forgotten,  which  forms  large 
heaps  on  one  side  of  the  internal  crater  of  this  volcano*  This  is  an 
itthf^oloured  tufa,  of  a  middling  consistence,  in  strata  of  various 
thickness,  with  the  superficies  of  each  stratum  covered  with  a  black 
crust,  in  which  may.be  discovered  manifesjt  vestiges  of  plants*  The 
Abb^  Breislak,  who  first  observed  this  tufa,  after  having  shewn  it 
Die  on  ti^e  spot,  gave  me  some  of  these  impressions  of  plants  to  exa* 
mine,  conjecturing  them  to  be  some  species  of  the  alga  marina^  ox 
sea-weed.  While  I  was  at  Naples,  I  had  not  sufficient  time  to  make 
an  accurate  examination  of  them ;  but  this  I  afterwards  made  at 
Pavia,  from  several  specimens  of  the  same  tufa.  Some  parts  exhi« 
bited  only  the  impressions  of  plants,  but  in  others  I  found  leaves. 
They  are  striated,  with  striae  running  lengthwise,  and,  when  touched 
with  the  point  of  a  needle,  easily  break,  and  appear  converted  into 
0  carbonaceous  substance.  At  first  I  doubted  whether  they  were 
plants  of  the  alga;  but,  on  examining  them  again  carefully  with  a 
kns,  and  comparing  the  leaves  found  in  the  tufa  with  those  of  the 
natural  alga,  I  was  fully  convinced  they  were. 

This  observation  af^ieared,  both  to  me  and  the  Abb^  Breislak,  to 
^  of  considerable  importance ;  since  we  may  conclude  from  it,  that 
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^  part  of  Solfktara  wbkh  is  fonned  by  this  tufa,  has  once  made  a 
part  of  the  bottom  of  the  sea,  and  been  thrown  up  by  the  action  of 
submarine  fires.  Nor  is  it  improbable  that  the  rest  of  it  has  had 
the  same  origin,  and  that  all  the  substances  of  this  volcano  have 
issued  from  the  waters  of  the  sea«  Such  we  know  to  have  been  the 
origin  of  many  other  mountains,  either  now  actually  burning,  or 
which  have  ceased  to  bum. 

It  is  well  known  that,  for  a  long  time,  alum  and  saUammoniac 
have  been  extracted  from  this  half-extinguished  volcano.  The  me- 
tliod  employed  for  each  was  as  follows.  }n  the  process  for  the  alum, 
certain  square  places  were  cleared  out  in  the  plain  of  Soifatara,  in 
which  it  effloresced,  and  the  efflorescences  were  swept  together,  and, 
from  them,  by  methods  well  known,  the  salt  ws»  collected  purified. 
The  sal-ammoniac  was  obtained  by  placing  a  number  of  pieces  of 
tile  round  the  apertures  from  which  that  salt  issued^  in  the  form  of 
a  subtle  vapotir,  upon  which  the  vapour  was  condensed^  A  descfip? 
jlion  of  these  two  methods  is  to  be  found  in  almost  all  the  authors  who 
have  written  on  Soifatara ;  some  of  whom,  with  reason,  censure  them 
as  imperfect,  and  consequently  not  likely  to  produce  the  profit  which 
might  be  obtained. 

But  we  may  now  hq)e  that  both  these  manufactures  may  become 
objects  of  importance,  under  the  direction  of  the  Abfai  Breislak,  am) 
the  liberal  patronage  of  Baron  Don  Giuseppe  Brentano,  who  has 
taken  this  celcbated  Phlegrean  field  at  a  constant  rent.  The  Abbi^, 
proceeding  on  the  principle  that  the  quantity  of  alum  procured  from 
Solfiilara  must  be  proportionate  to  the  area  of  the  space  on  which  it 
effloresces,  instead  of  the  narrow  squares  formerly  appropriated  to 
jthis  purpose,  and  called  gardens,  has  greatly  extended  the  spaces 
-allotted ;  and  that  the  preparation  of  this  salt  may  not  bepfefoited 
by  the  ram-water  draining  into  the  bottom  from  the  steep  sides  of 
the  volcano,  he  has  surrounded  them  wi^  small  ditches,  with  deep 
wells  at  intervals,  which  receives  the  water,  and  where  it  is  doon  ab- 
sorbed by  the  spongy  eaith.  In  the  lower  part  of  these  skies  he 
has  likewise  opened  a  number  of  cavities  equally  proper  to  fiimish 
alum. 

The  same  principle  appears  to  have  guided  the  Abb6  in  his  at« 
tempts  to  increase  the  quantity  produced  of  sal-ammoniac,  by  makmg 
use  of  long  and  capacious  tubes  of  earth,  open  at  both  extremities, 
and  baked  in  the  furnace.    These  receive^  at  theur  lower  ends,  the  va- 
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pours  aboundiug  with  this  salt»  which  attaches  itself  to  their  inner 
sides,  aod  forms  there  a  crusty  that  in  time  increases  to  a  consider- 
able thickness,  i  have  seen  with  pleasure  at  Naples  the  effects  of 
these  two  methods ;  and  it  is  expected  they  will  be  still  more  pro- 
ductive, when  some  alterations  suggested  by  persons  well  acquainted 
with  this  business  have  been  made« 

I  Formerly  sulphur  was  extracted  from  the  crater  of  this  volcano ; 
.  but  the  small  quantity  of  it,  and  the  low  price  of  the  commodity, 
have  caused  this  labour  to  be  abandoned. 

[SpalanxanL] 


END  OF  voi:.  I. 


H.  Wiuu,  Printer,  89,  f!;lMincery-la9e. 
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